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The analyses of functional needs of overweight persons for chairs

$11$ 2*1,(:6.$ 6</:,$ 2/( 6.%
Facultyof Wood Technology SGGW, Department of Technology and Entrepreneurship in Wood Industry

Abstract: The analyses of functional needs of overweight persons for cli&iespaper attempts the problem of

chairs used by people suffering from overweight. Nowaday 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 oslintbeqaastionaire. 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 constradtiprove 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 manufacturersttkisovery
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 physicahdgs or age, furniture companies
have developed a series of furniture for special purposes. Currently, with a range of different
SURGXFWV WR FKRRVHPID&RPF YRAXYEGRYWIGCHRWLIQHG WR RXI
with current requirements that well put before making the final decision by a new piece
of furniture.

The first of the example of social groups are children [Parcells et al., 1988h
those who are small, making their first steps, and the bigger ones, which are becoming more
ard more independenthis 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 @itirawth 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 everydagka 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 ey 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, disometimes 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 asoverweight 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
diagnosd 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 aratmmsain the market

that would make everyday life easier for obese patients. According to the research
[https://stat.gov.pl/obszatematyczne/warunkzycia, 2017], one in four of us is affected by

the problem of obesity among Poles. In this field, theopean 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 accoumved3.3% 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 increasédmand for this type of solutions.

The article discusses the subject of chair functionality for the atbeseribed 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 longestd pieces of equipment [Chester et al., 2002].
That's why they are responsible of comfort for our body and contribute to oubeumad.

That's why the chair is the most demanding piece of furniture in terms of functionality.
Appropriate design of thehair 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 acaling 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 25/11/2a12/01/2018. The survey is presented below.
During this period 48 respondents answered. The questionnaire was dividedogsed c
guestions: 4 questions about sex, age, height and weight, 2 questions about the job and time
spent in a sitting position. Another six questions were sgan and concerned the
characteristics of the used chairs and the comfort of using them. Theralso 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 gendergelect only one answer): male, female
2. Your age(select only one answer): op 25, 2635, 3645, 4655, beyond 56 years
3. <RXU KLJK LQ FP «««««««
4. Your weight(select only one answer): up to 50,-&1, 6270, 7280, 8190, 91100,
101-110, beyond 110 kg
How much time do you spend in the sitting position during the @&sf@ct onlyone
answer): up to 4,-8, 68, 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 (sekct all the appropriate answers): soft seat, hard seat, no backrests, lions rest
chair, armrests, bolster, regulated high, regulated backrests angle, wheels,
RWKHU ««« ««

o
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8. The discomfort of which parts of the body do you usually feel while sitting? (sdllect
the appropriate answers): neck, back, buttocks and hips, lower limbs, upper limbs, | do
QRW IHHO GLVFRPIRUW RWKHU ««««

9. What is the discomfort you feel caused by? (select all the appropriate answers): badly
contoured seat / back, too narrow seat kbsmo hard seat / back, too low back, too
VKRUW VHDW DUPUHVWY DUH WRR KLJK DUPUHVWYV DU

10.Do you use additional accessories to improve the comfort of the seat on the chair?
(select all the appropriate answers): seat cushions, bavkrestRRWUHVW |, GRQT
RWKHU «« ««

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 themaests, too high angle of the chair's
LQFOLQDWLRQ WRR ORQJ VHDW , GR QRW KDYH DQ\ Gl

12.Which could, in your opinion, improve the comfort of using the chair? (select all the
appropriate answers): adjustable backrest / armrests /esght,Heg support, bolster,
ORLQV VXSSRUW RWKHU««««

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%tbE 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 agedt3621%), 2635 years (17%), 465 years (8%)
and people over 55 (6%).

Therespondents 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 s Gours a day in a sitting pition (33%) and over 8 hours
(31%). The next place was occupied by 4 hours a day (19%)-@rbdrs (17%).

Another question about the respondents concerned the type of professional or other
work performed. This was to 4@ategorize social groups and aes 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%dhen 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 inseghble 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 halfopen question (Figure 1), respondents were asked to indicate all th
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 théwoorrpercentage 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 ordet33 answers. Armsts 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 wor

material
imitating the
skin

wheels soft seat
18% 20%

hard seat

regulated
8 7%

backrests angle

10%
no backrests

1%

lions rest chair

regulated high 3%

15%
bolster armrests
4% 16%
Figure 1. Select all the features describing the chair on which you spend the most time during the day
(own research

I do not feel
discomfort
11%

lower limbs
13%

buttocks and
hips
20% 30%

Figure 2. The discomfort of which parts of the body do you usually feel while sit{jog® research)

The further part of the suey 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
strudures. This means that these constructions are not adapted to their work.
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| do notfeel bad sitting posture

discomfort 1%
armrests are too low

" \\
4%

armrests are too/

high
1%

too long seeting
3%

badly contoured
seat / back
31%

too short seat
10%

too narrow seat /
back
4%

too hard seat / back
27%

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. WWkebhatkrest 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 duringlggnged 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 distribted. 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.

seat cushions
10%

backrests
13%

footrest
4%

| don't use it
73%

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 davhfitting 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 ia #bsence 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 bitocks. Additional footrest ensures proper foot contact with the ground and improves
body stability

unstable chair
construction
19%

too high position of

the armrests
4%

too low position of
the armrests
2%

too high angle of the
chair's inclination

| do not have any 5%

difficulties

66% too long seat

4%

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 responderdnswered 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 constion 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 adyisting their height. The last choice was too long a seat. Man should also pay
attention to this underestimated element in the construction.

14



soft padding
armrests
2%

adjustable
backrest / armrests
/ seat height
20%

loins support
34%

Figure 6. What could in your opinion improve the comfort of using the chair? (own research)

The respondents weeralso askeavhat 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. Wehave a clear signal for furniture manufacturers, what potential customers
expect and what they will pay attention to when choosing the perfect chair for themselves.

look
22%
siting comfort

31%

prize
21%

stability of

construction
26%

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

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 theTE 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 wdbse 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 comfort&btet of all, furniture
manufacturers, who are responsible foe fproduction 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»gect from the perfect chaifhe 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 themmeosh
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. worth emphasizing again that
comfort, amenities in the form of a comprehensive adjustment atiéla¢ 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 sitf 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 ébecom
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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Ethylene glycol modification of wastefree adhesive melaminairea-
formaldehyde resins for the production of waterproof plywood
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Abstract: Ethylene glycol modification of washkeee adhesive melamingeaformaldehyde resins for the
production of waterproof plywoodn presented artiel properties of beech plywood produced with the use of
melamineureaformaldehyde resins (MUF) in function of modification of ethylene glycol-@&mole) were
discussed. The shear strength and wood faibfrgoroduced plywood accordingly to the requiemts of
standards EN 314 after tests p.5.1.3 were test@h the base of carried out tests it was stated, phaduced 3
layers plywood obtained with used MUF resin modified with ethylene glycol fulfilling the requirements of EN
3142 standard for 3lass of gluing quality.

Keywords: resin, wasteethylene glycolplywood,

INTRODUCTION

Amino resins owe their common use to their numerous advantageous properties such
as water solubility, high reactivity, colorless glue line and high resistance i faittors, 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 859dJUNKY 2004].

The adhesive amino resins atganed 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 suas 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 formaldehyderrea concentrates. However, these technologies are available only
at factory level, mainly due to the low stability of concentrated satiestr and the obtained
resins are characterized by unsatisfactory stabifityhe Wood Technology Institute resdarc
RQ WKH VIQWKHVLY RI DPLQR UHVLQV SRO\FRQGHQVDWLRC
been conducted for many years. Recently conducted research has shown that in an
uncomplicated process of condensation, MUF resins bywaste method can be obtained,
ugng formalin VWDELOL]HG KLJK FRQWHQW RI PHWKDQdM®Rant>-1":,$.
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 examineefbéct of ethylene glycol modification of
MUF resins condensed wadtee 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 thiarmatio
formaldehyde : melamine : urea: like as 3.8:1.0:0.8+0.2 molestirydene glycol (GE) in an
amount 0.2;0,4 and, 0.6 moleThe condensation was a tigtep process performed at
temperature of 82 f&  T7ekhkleneglycol was added in the first ndensation step.
&RQGHQVDWLRQ ZDV FDUULHG RXW WR ZD WRoytbniéms@ed UD Q F I
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ZDV QRW GLVWLOOHG 'HWDLOV FRQFHUQLQJ WKH V\QWKH
5HVLQYVY ZHUH VWRUHG DW D WHPSHUDWXUH RI “ &
The basicphysicochemical properties of the resin were determined using the following
methodologies:

- apparent viscosity using Emil rotational viscometer in compliance witdE&

89402

- FRQWHQW RI GU\ PDVV DFFRUGLQJ WR ',1 (1 ried ZHLJKH
DW D WKHUPDO FKDPEHU ZLWK QDWXUDO DLU FLUFXOD
pH applying pHmeter with combined electrode according to-F) 1148
- JHO WLPH DW f& DFFRUMGLQJ WR %1
free formaldehyde content by sulphite method atiogrto 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 KA@Es, and active silica Aerosii?0), then
the mixture was stirred for 10 min with a mechanistfrer, 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%N{4 was added.
Veneer.In the study beech veneer were used. For thpgration of dayer plywood, veneers
ZLWK GLPHQVLRQV [ 1 “ PP DQG 0& “ ZHUH .
The parameters pressing process/eneer was applied on one side with the adhesive roller
in an amount of 180 g/mThen three layer sets was formédter 1 or 24 h assembly time
VHWY SUHVVLQJ DW f & IRU PLQ DW D SUHVVXUH RI 0
Testing. Samples were cut to determine shear strengdhofRadhesive glue line of plywood
in accordance to EN 31@1 standard. Before determining the shear sthengtbonds, the
samples were subjected to hydrothermal treatments in accordance with point 5.1.3 (4 h boiling
LQ ZDWHU DV ZHOO DV K GU\LQJ LQ DLU DW WKH WHPSHI
DQG FRROLQJ LQ ZDWHU WR WIKi¢ sahtpRSweteDedtet ihnHveR dtate” f &
in the Instron Testing Machine at loads ranging to 500 daN. Rupture of the samples were
RFFXUUHG ZLWKLQ “ VvV $IWHU VKHDU WHVWYV WKH VDP
of the bond surface covered witlood fibers twood failure (WF) was determined comparing
the pictures of bond damage with those shown in EN134tndard.

RESULTS

The properties of MUF resins are shown in the table 1. It has been observed that
increasing the share of GE effects onrbduction of resin reactivity]HO WLPH DW f& L
range 106118 s)and the increase of formaldehyde content (@#&%%). However, the
apparent viscosity and content of the dry mass, regardless of the amount of the modifier, were
similar.

Shear stnegth and wood failure after tegis5.1.3. (AW100)according to EN 31401
of threelayer beech plywoods obtained with used MkégSin modified with ethylene glycol
and various parameters ofsembly time ofjluing are shown in the table Plywoodwere
characterized by very high quality waterproof glue lines, independently of quantity of
ethylene glycol. Higher values WF were obtained for Zbsembly timePlywood fulfilled
the requirements foEN-314-2 standard interms of strength and water resistaméeglue
lines.
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Table 1.Physicochemical properties of adhesive MUF resin modified with ethylene glycol

Molar ratio of
ethylene glycol| Apparent |Content of dry H Gel time at |Free formaldehyq
viscosity mass P f& content
mole mPas 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 tgsts.1.3. (AW100) according to EN 3101 of threelayer
beech plywoods obtained with used MUWésin modified with ethylene glycoland various parameters of
assembly time ofjluing

Shear strength and woq
Assembly failure of plywo_od after| Molar ratio of ethylene g!ycol in the condensation of M
. tests according to resin [mole]
time [h] EN 31401
Basic statigts | Unit 0 0.2 0.4 0.6
Xavg MPa 2.03 2.07 1,82 2.12
1 In1 0.43 0.36 0.28 0.18
% 21.2 17.4 15.4 8.5
WF 14 26 30 8
Xavg MPa 2,18 1,74 18,1 2.11
24 In1 0.38 0.33 0.36 0.20
% 17.4 19.0 19.9 9.5
WF 52 50 48 64

| Xavg *average; h1 *VWDQGD UG &éafi¥tlob abeffRiént; WF+wood failure

CONCLUSIONS

Based on the performed study it was fodol usefulness of ethylene glycol as a
modifier of MUF resins condensed in a wagte way Plywoodobtained with used MUF
resinmodified with ethylene glycol fulfilling the requirement$ BN-314-02 for class 3 of

gluing quality.
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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
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Abstract: Research on the effect of MUF resins as an agent for fire protection of plywood veneers in the form of
a thermosetting adhesive fillResearch on the effect of MUF resins as an agent for fire protection of glywoo
veneers in the form of a thermosetting adhesive film is presented. The external protection with thermosetting
films made of norwaste MUF resins only slightly reduce the value of the combustion ifddhexprotection of
plywoodin the form of film coating of hardened MUF resion the surface are not sufficiently fire protection of

the plywood. The combustion index is in the range from 2.46 to 3.22. The mbadmesvery positive effect on

the reduction ofthe 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 currerdtandards [PNEN 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
- 83, dO- d2 (contribution to fire). After protection with flame retardants, however, it can be
classified as class Bvery little contribution to fire or class €limited contribution to fire
[PN-EN 135011] (B ~ nonflammable, C ~ hard flammable, D ~sgaflammable materials
according to PMN6 / B >$121,0 g670%$1 HW DO @ 7KH ILU
of the plywood consists mainly of impregnation with the solutions of the fire retardants of
ready for use plywood product or veneers before glunthpessing, 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 maifme. 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 depatyerization by used or forming acids [CZAPLICKKROLARZOWA
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 opaints, lacquers and/or also synthetic resins. The study investigates the
effect of MUF (melaminairreaformaldehyde) resins as a protective dime agent for
plywood veneers in the form of a thermosetting adhesive film.

The aim of the research was to efetine 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 a8:3.0:1:0 (for film and adhesiyeand
2.8:1.0:1:0 (only film). The condensation was a-st#p process performed at temperature of
82" f&&RQGHQVDWLRQ zZDV FDUULHG RXW WR ZDWHU WRO
Polycondensate was nadlistilled. Detals concerning the synthesis developed earlier
>-1":,8. @ 5HVLQV ZHUH VWRUHG DW D WHPSHUDWXUH RI
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The basic physicochemical properties of the resin were determined using the following
methodologies:
- apparent viscosity using Emil rotationasgometer in compliance with P&2/C
89402
- content of dry mass, according to DIN EN 827 (weigheld SaO H “ J ZHUH GU
aaD WKHUPDO FKDPEHU ZLWK QDWXUDO DLU FLUFXODWL
- pH applying pHmeter with combined electro@decording to PNSO 1148
- JHO WLPH DW f& DFFRUMGLQJ WR %1
- free formaldehyde content by sulphite method according to DIN EN 1243

Table 1.Physicochemical properties of adhesive MUF resin

. Free
Molar ratio A_ppare_nt Content of pH Gel time at formaldehyde
viscosity | dry mass f&
content
Mole mPas % - 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-laferl plywood,

veneers with dimensions 3[ | ¢ PP DQG 0& ¢ ZHUH XVHG
Glue film. The hardener 0.8% NNO; to resins was added. The resins have been spread out

on the beech veneén the amount ofl80 g/nf. After 120 hours of seasoningnder the

following conditions: temped W X U H “ f& UHODW L \ghie kKnXHe lafdunt \ “
of 180g/ntf was applied for the second time. After 24 hours of seasoning in normal conditions,
veneers with films (180, 360 gfinof MUF resins (2.8 and 3.8:1.0:1.0) to produceplyl

beech pywood were used.

Glue mixtures. To approximately one third of the MUF resin (molar ra&i8) 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 pf the resin continuing the stirring

for a further 20 min. At the final stage of preparation of the adhesive, the hardener 1.6%
NHsNO3; was added.

The parameters pressing proces3.he glue mixture was applied on one side of veneers with

the adhesiveoller in an amount of 180 g/mThen 1llayer sets were formed. After 24 h
DVVHPEO\ WLPH VHWV ZHUH SUHVVHG DW f & IRU PLQ D
Testing. After 2 weeks of seasoning in normal conditions the examination of the degree of

fire protedion of the plywood using the radiation method acc.-F8\B-02874 was
performed.

RESULTS

Indexes of combustion and flammability for the-lager plywood of beech protected
of MUF resin in the form of hardened glue film, depending on the molar ratio fd&iis and
the amount of adhesive application are presented in Table 2 and Fig.1. The external protection
with thermosetting films made of namaste MUF resins only slightly reduce the value of the
combustion indexThe reduction in the value of the combos index was only from 10 to
20% in relation to the control beech plywodd .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 thas 0.5 were obtained. The doubling the glue
film coatingfrom 180 to 360 g/Mmresulted in a further reduction of the rate of combustion
and flammability.
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Table 2. Combustion and flammability indexes of-ply beech plywood protected of MUF
resin in theform of a hardened adhesive film produced in the process of plywood pressing
Molar ratio [mole]

Tested property 2.8:1.0:1.0 | 3.8:1.0:1.0 Control
Unit Glue film coating [g/rf] plywood
180 360 180 360
The initial difference in temperaturg € 16.2 16.1 16.2 16.2 16.4
Max. temp. of combustion producty f & 61.6 61.9 66.7 65.5 70
Time to reach of max. temperaturg s 435 1105 408 1190 275
Temperature of max. increase f& 40.3 40.2 457 44.6 49.7
Area F f& 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
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25000 |  eomm— 2 8:1.0:1,0/180 /
............... 2,8:1,0:1,0/360
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— — e = cONtrol /
@ 15000 - =
o
(0]
=
L. 10000 -
5000 -
0 -

0 200 400 600 800 1000 1200 1400

Time [s]
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 accordir@6t8-82874
of 11-layer beech plywood protected with MUF resin in fbien 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 thel&stanalyzed 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 oplywoodin the form of film coatings of hardened MUF resim 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 veryvaositect on the reduction
of the flammability of plywood. Theldmmability index oscillates in the range from 0.30 to

0.44 only.
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The fireproof degree of plywood protection depending on the impregnation
method
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Abstract: The fireproof degree of plywood protection depending on the impregnation nfdteam of study

was to determinate the degree of fire resistance of plywood with ubifbgnme 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:
brushirg, 24hours 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 potassitarbonate and urea. Smaller surfaces of burning, but larger mass loss
characterized material treated with potassium carbonate and guanidine carbonate.

Keywordglywood, impregnatiofpotassium 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 seutte 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 fnegted wood, bonded with binding agents.
Products such as plywood, laminated veneer lumber and more recently composites of
plywood and particles are now commonly used DR HW DO OLOMNRYL
2005)Research regarding the protection of plywoodraidire, showed that the material in
contact with fire, delaminates and leaving veneers bending back, reveal more surfaces (White

*UJH NRZLDN "HWHUPLQLQJ IHDWXUHV ZHUH WKH ¢
total thickness of the board. Thaiter 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 efficiecy for MAP, DAP, and AS.

Fire retardants can be applied to wdmabed materials in various way3ne of the
methodsis using surface coating to protect the underlying wood members. Such treatments
increase time to ignition and reduce flame spread andttngmnition. The second and most
effective application is soaking. This application included the absorption of fire retardants,
such as various inorganic salfBhe function of fireretardant salts and other absorbed
chemical compounds mostly in the forrhwater solution is complex, and there is lack of
literature data on absorption rate, fietardant weight gain, equilibrium moisture content and
S+ YDOXH RI WUHDWHG PDW Adddrding to GlreRaveNaR {19299) HNA nd<D
effective mehod, 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 appica 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 usesBirch plywood - size 150 x 150 mm and a thickness of 10 mm (7
layers). For thempregnation 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 o0f0.01 mm, and weighed to the nearest 0, 0,001 g. The variable was a method of
impregnation (retention):
Control series no impregnation of samples;
series |+brushing, (M1 6,68kg/f M2 5,19kg/m);

xX X

series |l +soaking- time 24 hours (M1 55,00kginM2 47,22kg/n?);

x

x

series lllI- vacuum impregnationtime 20 min, 120 min, atmospheric pressure (M1
123,49 kg/nt; M2 122,57kg/m).

After saturation, the samples were weighted again in order to determine the quantity absorbed
of fire retardant and then air condtiiQHG IRU WZR ZHHNV DW D WHPSHUDWX
Flammability test was performed using "french method" by placing the sample on a tripod, for

f 8QGHU WKH VDPSOH ZDV SODFHG VSLULW EXUQHU ZLWI
minutes, during whichvas 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 mad by planimetric method*U]J]H NRZLDN HW DO
Determination of the protection degree of wdmbed materials was made on the basis of the

model:
= 3] » 3N 1

where: Pkburned surface of control samples;-BRmrned surface of protected sample;
Evaluation of the prection is made on the basis of the factor where: >-pbé, with 50
74%average, with < 50%00d protection.

? § m Ml
IE \ N § m Control
§f|§|§ = R

Brushing Soaking Vacuum

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

Analyzing the graph (Figure 1), it can be seen that sabuum 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 24hour soaking indicate a similarngion time (about 13 sec) for control
samples, with greater variation for standard deviations with the M2 solution.

6

5
=M1

m Control

xXM2

Mass Loss [24]
]

i
Wi

\

Brushin Soaking Vacuum

Figure 2. Mass loss of plywood samples

Based on the data included in the graph (Fig. 2), the largest masga®d$sund 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 furtinerpenetration 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 gjdane 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 7,19 917
M2 7,63 7,63 6,01 '

With reference to the data in Talle the highest values of the burning depth were
REWDLQHG IRU WKH FRQWURO VDPSOHV * LQ UHODWL]|
(about 10 mm). Both with the use of the brushing and the vacuum methods, burning depth for
samples protected with thpreparation M1 were higher values compared to the M2
preparation. Different results were obtained for the soaking method.

Table 2 Burned surfaces [cthfor individual series of samples
Method . .
. Brushing Soaking Vacuum Control
Solution
M1 44,70 35,02 25,88
M2 53,16 41,30 29,24 4540

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 obtaéd for samples protected with M1 compared to samples protected with
M2 (tab 2).
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Table. 3. CoefficientZ - evaluation of the effectiveness of the protection

solution method CoefficientZ(sd) Determination of the
protection degree
M1 99,72(19,81) poor
brushing

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 betweermndividual 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 vacuurticgatura
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 olethiby saturating salt veneers for
plywood production with salt formulations or introducing the preparation into a binder, not by
impregnation of readynade panels (Grexa et al. 1999).

CONCLUSIONS

XThe best degree of saturation was achieved with samplew/tich the vacuum
method was applied, as well as a solution of potassium carbonate and urea.

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

xAfter using a mixture  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.

xCoefficient Z for plywood achieved a poor grade, only samples after vacuum
saturation achieuvke the grade: average.-factor gave a better result for potassium
carbonate and urea.
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Streszczenie: 6WRSLH |DEH]SLKRAJRQQBJIJRIJNPRHMNL Z J]DOH*QR
nasycania. &« HOHP SUDF\ E\aR RNUH OHQLH VWRSQLD ]J]DEH]SLI
=DVWRVRZDQH SUHSDUDW\ RIJQLRFKURQQH WR PLHV]DQLQ
RUD] Z JODQX SRWDVX L PRMHQYOND F K WRKEXQHN FF\RLY JFIQ RV
VW *HQLH SUYENL JRVWDa\ SRGGDQH WU]JHP URG]DMR
JRG]JLQQHJR PRF]JHQLD RUD] FL QLHQLRZHM EDUD SU]\ .
FIDVLH RNUH ORQR JPLHQQH SIDAUBRNR/ U\ L XERWIHHNU JFFEQ\L D
%DGDQLD zZ\ND]Da\ *H QDMZL NV]H QDV\FHQLH RVL JQ a\ SL
HIHNW\ GDa UR]WZyU Z JODQX SRWDVX L PRF]JQLND OQLHM
XE\WNL PDV\ FKDUDNWHUP RADWI\EF&E&\ WD VWIROREZBQR Z JODQ ¢
guanidyny.
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Slip resistance of wooebolymer composite deckingorofiles
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Abstract: Slip resistance of woegolymer composite decking profileShe paper presents results of slip
resistance tests of wogqublymer compsite 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 afglwas 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 eadsified

slip risk surfaces.

Key words:slip resistance, woceg@olymer 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 nbSafety and accessibility in yserhich together with the
Appendix | 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 ngigtion 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 surfacesdaoms designed for permanent
presence of people, is regulated by Tleehnical conditions that must be met by buildings and
their locations[9]. The Part VlIISafety of uséndicates that th&uilding and the associated
equipment shall be designed and mamprevent an inadmissible risk of accidents during use
(Art. 291). To achieve the above, tlsurfaces of access routes to buildings, stairs and
external/internal ramps, traffic routes within the building, and flooring surfaces in rooms
designed for presee of people, as well as garage floors, shall be made of materials that do
not create the risk of slippin@\rt. 305, item 1).

The aspect of slip resistance of wemmmposite profile deckings is also included in
the standard PMEN 155344 [7] which indiates 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 thand4 the dynamic friction factor shall not be lower than
0.43.

TESTMETHOD

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 universalitenflybum, 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 descrilbednany standards, including CEN/TS 15676 [3],
CEN/TS 16165 [4], and PIEN 130364 [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) wh the hardness of 551 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 faeteeen 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 prefigths) and
lateral direction (perpendicularly to the profile lengths), separately for each surfack4kig.
Measurements were taken in the following conditions:

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

wet, i.e. after applyingf 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-polgche composites
of the composition described in Table 1. The profile geometry is presented ir4-ig. 1

Table 1.Material composition of composites

Profile Material composition of the composite Shape Surface
type matrix filler other ~and finish
- dimensions
type of material
F1 PVC wood flour modifiers Fig. 1 _
Fo and additives Fig. 2 brushing
L1 HDPE bamboo fibres modifiers Fig. 3 o
L2 and additives Fig. 4 polishing
surface A
surface B
Figure 1. Profile geometry type F1
surface A
surface B detail A

Figure 2. Profile geometry type F2
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surface A

Figure 3. Profile geometry type L1 _ surfac

surface A

surface B

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 resubsde measurements for both dry and
wet profiles.

Edry wet
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slip resistance, PTV

Figure 5. Pendulum test value of profiles in dry and wet condition, in longitudinal direction

mdry wet

F1A F1B F2A F2B L1A L1B L2A L2B

Figure 6. Pendulum test value of profiles in dapd wet condition, in lateral direction
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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 longidinal 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 laterahdirecti
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 wa 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 ingrathe slip resistance than
the profile geometry. The lowest pendulum test valueswere expected for tHeitadn
surfaces (F2B and L2A). However, the test results show no significant difference of slip
resistance between the nffuted and finely flutedsurfaces, 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 andateral 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
valuesat 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 poligiaeé su
(L1 and L2). Especially the differences between the PTV forfhuded 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 défece in longitudinal direction
was even higher. For F2B the PTV result was 57, and for the43B 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 lowemtl3 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 solwn. ,\W LV DVVXPHG WKDW WKH VOLS SUREDELOLI
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 wmmygmer composite are

showing a significant impact of the profile surface finish 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 wetfedducts. 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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Abstract: The effect of the type of stylus e 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 measuringgadigreover, 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 cepended 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 &av 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,goid, 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 tiegattmvhich 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 \Wwasdd materials is
milling process. To define thegpriety 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 methBden and Bhushan (1995)
investigated dierences 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 wtaded materials depends on many factors,
among others wood species, density, moistargtent, hardness, anisotropy and anatomical
structure etc. Pine wod@inus sylvestrid..) is characterized by big differentiation of early
and late wood in aspect of anatomical structure and mechanical properties. Some authors
carried out research ondtsurface roughness separately for both these areas, presenting large
dispersion of the resul{#lagoss 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 nseang 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
cutoff length, type of the filterig method 7RPDVLN DQG 5XG]JL VNL , a WI
feeding speed of the measuring gauge, apex angle and radius of(Rediarkrishnan 1977,
Magoss 2008)

Many authors conduct research using measuring devices, which are equipped with
different measung 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 measuringegmwith different geometry (tip radius
and apex angle). The additional aim of the research was to confirm th&neaelh
dependence between the surface roughness of pine wood and feeding and rotational speed
during machining on the bottespindle milling machine and to designate regression
equations for this dependence.

RESEARCH METHODOLOGY

For the experiments, samples made of pine w&atué sylvestrisL.) were prepared,
with a mean density of 480 kg/mand a moisture content of 12%. The grain directiars
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 carriednatlit the use of Felder F900 bottem
spindle milling machine equipped with FeldeB& 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 procegsre conducted in total. The cutting tool was a four
edge cutterhead, with four knifes made of HSS SW18 by GOPOL company. Dimensions of
WKH NQLIHV ZHUH [ [ PP $ VKDUSQHVYV DQJOH ZDV
cutting circle diameter was 120m. A depth of cut (working engagement) was 1 mm.

Two types of a profilometer were used in the experiments: Mitutoy20$P and Carl
Zeiss Jena MADO, with an attempt to get the same measuring conditions. A main difference
between both profilometers waggometry of a measuring gauge, whose scheme is presented
in Fig. 1.

a) Type of stylus 1 b) Type of stylus 2

90° 60°

iS) oy
& Q;
Figure 1. Schemes of the measuring gauges applied in the experiments, linear dimenstona)itCarl Zeiss

b) Mitutoyo

Parameters used for measurements of the surface roughnesssargeat in table 1.
Measurements were conducted in accordance with 1ISO 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 measurementstad Surface roughness of the samples

Parameter Stylus 1 Stylus 2
Manufacturer / type of profilometg Carl Zeiss Jena MEO | Mitutoyo S3201
Feeding speed [mm/s] 0.5 0.5
Detector measuring force [mN] 0.70 0.75
Stylus Tip angle (apex angleE[ 90 60
Stylus Tip radius [n] 10 2
Evaluation length [mm] 12.5 12.5

The cutoff length [mm] 2.5 2.5
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Two the most used parameters were calculated: the arithmetic mean surface roughness
(Ry) and the maximum height of the profile,).

Statistical analysis of theesults was conducted with the use of Statistica 13 software.
Regression analysis was done at assumed significance ldR=) 0.

RESULTS AND DISCUSSION

After the registration of primary profile on the samples, 400 values of each parameter

were calculad, which then were the basis for regression analysis. Graphical presentation of
the obtained results is shown in Fig. 2.
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Figure 2. Results of roughness parame®arfor analyzed variants of machining process: a) stylus 1 b) stylus 2

The presentedjraphs show that during increasing the feeding speed values of
roughness parametd®, 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 reearch $JXLOHUD DQG ODUWLQ 6RIXWOX Y
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 resulRy parameter are
presengd, together for all samples and for the lowest and the highest rotational speeds, which

amounted 350énin™* and 10000min™. It is visible that values d®, parameter obtained using
stylus 1 are lower than for stylus 2.

10

a) b) C) Mean o
MeaniStandard deviation
Mean11,96 Standard dev.

i]@ ;f @@

0

8

Roughness Ra [um]

Stylus 1 Stylus 2 Stylus 1 Stylus 2

Stylus 1 Stylus 2
Figure 3. Mean values andatdard deviation dRaparameter for both measuring gauges a) all analyzed

rotational speeds b) rotational speed of 3500’ mjrotational speed of 1G00 min*
In the aspect oR, parameter, obtained from the whole population of the results (Fig
3a), fa the stylus 1 the mean value amounted 35 while for the stylus 2 the result was
5.52 Bn, thus 55% higher value. In Fig. 3b, resultsRpfparameter are presented and it is

visible, that the values of thg, are the highest, but differences betweethesgpe of stylus
are the lowest from the analyzed cases (45%). For the rotational speed of 1080Menin
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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 oRhebtained 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 boRy andR;, parameters are presented. In this figure rotational speed was
replaced by cuttingpeed. Presented feature has a linear character with high coefficients of
determination for both parameters, but Rarthe trend line is fitted slightly betteR{=0,99)

than forR, (R?=0,81).

Differences [%]

100

80

20

0

Ra: y=327944 +0591* R?=0,99
Rz y=30,1195 + 0,275"; R?= 0,81

20

25 30

35 40

45 50

Cutting speed [m/s]

55 60

65

Figure 4. Differences in values of roughness parameterdradatdfor analyzed measuring gauges depending on

Table 2. Results of analysis of multiple regression for the surface roughness depending on tested technological

the cutting speed

parametersy; +feeding speed [m/minfy #rotational speed [mifi

Degrees
Roughnes parameter | Factor sSUL?;rgs of SMS::;S )FI-_T\éslil- P- value
q freedom q

. Intercept | 356,1373 1| 356,1373 341,1201 0,000000
2 |V 267,3400 1| 267,3400 256,0671 0,000000
%‘ n? 28,9145 1| 28,914 27,6953 0,000000

The arithmetic Error 205,6726 197 1,0440
mean surface Intercept | 505,4173 505,4173 403,750 0,000000

roughness

Ra % v 42,6695 42,6695 34,0863 0,000000
; Ve 7,4702 7,4702] 5,9675 0,015458
D\ n? 18,6013 18,6013 14,8596 0,000157

Error 245,3540 196 1,2518
. Intercept | 18435,59 18435,59 391,7165 0,000000
g v 3495,51 3495,51 74,2721 0,000000
(%’ n 363,40 363,40, 7,7215 0,005985

The maximum Error 9271,53 197 47,06

height of the profil

Rz N Intercept | 36286,72 36286,77 844,61'8| 0,000000
2|V 4707,95 1| 4707,95 109,5832 0,000000
%‘ n? 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 babggs 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 7BYfp&ameter

and 35% to 50% fdR, parameter. The explanation of this differentiation is deeper penetration

of the measuring gauge into the structure of wood surt&ten rotational speed is high, the
surface after machining is characterized by larger porosity, thus the differences ia resul
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 anmk sifaanalyzed 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 dmath 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 designat& paraméer are the
best fitted for stylus 1 and slightly worse fitted for stylus 2. In case dRtheoefficients of
determination were lower, what can be explained by the method of calculation of this
parameterR; is calculated as the difference between tighdst 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

. . Coefficient of
The type of stylus | Regression equation determinatior?

Ra= 2,793 + 0,0623 ¥; - 1,186e008 *n 0,59

Stylus 1 2
Rz= 20,096 + 0,225 ;- 4,204e008 *n 0,29
Stvlus 2 Ra= 4,423 + 0,0950 ¥; - 0,000574 * - 9,511e009 *n? 0,5

u

y Rz= 28,194 + 0,262 ¥;- 3,145e008 *n’ 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 constdfdrdnce 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 speethje difference between results obtained using different
gauges also increased in the range 6¥@% for R, parameter and 350% for R, parameter.

This dependence has a linear character confirmed by high values of coefficients of
determination of desigted 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 congtted 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 :S4\Z URG]DMX NR FyZNL SRPLDURZHM QD Z\QLNL
powierzchni drewna sosny (Pinus sylvestris L.) po frezowaill W\NXa SUH]JHQWXMH
EDGD FKURSRZDWR FL SRZLHU]JFKQL GUHZQD VRVQ\ L V\J
Z\QLNyZ X]\VNDQ\FK QD SURILORJUDIRPHWUDFK ] Uy*Q\PL N
badaQR ZSa\Z SU GNR FL SRVXZX L SU GNR FL REURWRZHM
SRZLHU]FKQL SR REUYEFH QD IUH]DUFH GROQRZU]JHFLRQRZ}
RWUJ\PDQ\FK Z\QLNyZ Z ]J]DOH*QR FL RG |]DVWRVRZDQHM
PL G]\ Z\BLNB\4\ JPLHQQH Z ]DOH*QR FL RG URG]DMX NR
SDUDPHWUX FKURSRZDWR FL :UD] ]J]H Z]JURVWHP SU GNR F
RWU]J\PDQ\FK Z\QLNDFK FKURSRZDWR FL SRPL G]\ ]D)
pomiarowymi. Ponadto stwierdzono ist&tnZS4\Z SU GNR FL SRVXZX L SU GNF
ZUJHFLRQD QD FKURSRZDWR 0 SRZLHUJFKQL GUHZQD VRVQ
ZLHORUDNLHM GOD REX NR FYyZHN SRPLDURZ\FK L DQDOL]RZ
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Roasted coffee waste as a substitute of wood chips in particleboards

DUKARSKA DOROTA!, MYSZKA SZYMON? ANDREARCZYK ADRIAN?

OGRODOWSKA EMILIA? GRZANA MAREK?
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Abstract: Roasted coffee waste as a substitute of wood chips in particlebddelpaper 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 threeply partickeboards glued with melamifiermaldehyde 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. Howteegth 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 ewironmental awareness increased interest in utilizing -pragtuction
waste as alternative resources in many fields of industry. This trend has been for many years
present in the production of wodhsed materials, such as particle or fiber boards. Résear
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; Dukarska26t2). This
study investigated the possibility of using husks, formed during rgagteen 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, producetiGraBout 3019
thousand tonnes of green coffee beans, which equals almost one third of global coffee
production (FAO STAT reportd016).

7KH PDLQ VWDJH RI JUHHQ FRIIHH EHDQ SURFHVVLQJ
which causes significant changeste bean structure, chemical composition, color, taste and
aroma. Both roasting coffee and consumption of ceffesed beverages generate waste that,
as suggested by the literature review, may be used as resources for the production of e.g.
nanostructured uinctional materials, and especially activated carbons and elemtia
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 2Q010his 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 produattiparticle 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 detemaian optimal degree of wood chip substitution
with coffee waste in the core layer of thiglg particleboards gluedith MUF resin.

MATERIALS
During the study we manufactured thy@g, composite particleboards made of pine
chips of 3% moisture content Ggmcoffee 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 wasté-ig. 1).

50
wood chips
T 40 m coffe waste
g
S 30
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'g 20
(=]
&
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Figure 1. Fractional composition of wood chips and coffee waste

The boards were glued with melamiftemaldehyde resin (MUF) with the following
characteristics: dry resin solids69.7%, density 1.291 g cni¥, miscibility with water +0.6,
viscosity + P3DV JHODWLR @336 spHAY. f&

The experimental boards with a density of 750 Kgfinickness of 12 mm and gluing degree
of 12% were manufactured under laboratory conditions and the pressing parameters were as
foIIowg:tempHUDWXUH f& WLPH V PP RI WKH ERDUG WKLF
N/mn.
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 #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 soakimgwater (TS) according to EN 317 and

additionally water absorption aftenmersion in water (WA)

free formaldehyde emission as per a bottle method described in EBI(8&lected

variants).

Results of these tests were analyzed statistically using STATKTVer. 13.1
software. To compare means of the physical and mechanical properties of the tested boards, a
oneZD\ DQDO\VLV RI YDULDQFH pof MocieRt @enified\hdriiogeneodsH \  V
groups of means for each analyzed property assuming theldoguwalue 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%offee waste did not significantly affect the board bending
strength. This was confirmed Ippst hocanalysis that identified only a single homogeneous
group @) for the substitution degree of 20% and a single intermediate gabupvith coffee
waste sharef 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 elasticiposTi®c
analysis identified only a single homogeneous groap fér all investigated variants.
Consicering 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
bord 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 paraméter may
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 consequemtydd 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/mnf), and for 40% substitution even #®for P5 boards (required value according to

EN 312 0.45 N/m), 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 substitutioripsadith coffee
husks

Substitution
degree MOR MOE B TS WA

% N/mmn? %

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) alj 30.2 (1.5) bc| 90.4 (1.9) b
40 14.4 (0.8) ab| 3480 (200) a| 0.45 (0.03) bg 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

*- standardG H Y L D W L R ¢honibgelBeols«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 chipgith 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 presentad 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 probablytaluelatively 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 hygienroggerties. We only examined selected variants, i.e.
reference boards made of wood chips and experimental boards with 50% share of coffee
ZDVWH )RUPDOGHK\GH HPLVVLRQ ZDV VLPLODU LQ ERWK YI
mg CHO/kg of dry weight. Tiis 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 highlghdeirbiocomposite 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 shghttreased water resistance of the
boards by limiting their swelling after prolonged exposure to water.
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Granulometric composition of chips from the milling process of spruce on a
CNC machining center
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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 compositiorchiips from the milling process of spruce cuttings with

thickness 25mm by a singlhank cutter on CNC machining center SCM TECH Z5. Granulometric compaosition

of chips is followed within the range of the commonly used technological conditions for theftypéing

cutter such as feed spegd=vl to 5 m.mift 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 mmDust IUDFWLRQV VPDOOHU WKDQ P IRUP LVRPHWULI
DSSUR[LPDWHO\ WKH VDPH VL]H LQ DOO WKUHH GLPHQVLRQV ,QKDODE«
share on average. It can be stated that there are no respirable désOprtf ZLWK VL]H OHVV WKDQ !

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 singlepiece 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 & 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
eQYLURQPHQW DURXQG W Kaddiigak? ZDEHA).QH % DQV Nt

The formed chip is a polydispersive bulk mass consisting of coarse, medium coarse
DQG GXVW IUDFWLRQV :RRG GXVW ZLWK D JUDLQ VL]H RI

2PNDMRYQ\DNXG %D '|XUHQGD HW DO LV D K\JURYV

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 WKH PDFKLQLQJ SURFHVYV "IXUHQGD
SDOPTYLVWDQG*XVWDIVVRQ .RSHFNé DQG5RXVHN

From a physiological point of view and according to the conventions in the sense of
the international harmonization (USAACGIH, EPA and Europe ISO, CEN, BMRC) the
GXVW IUDFWLRQV VPDOOHU WKDQ —P 7XUHNRYI D Q
IROORZV EUHDWKDEOH LQKDODEOH PDVV IUDFWLRQ -
(respirable mass fraction) 25 —P KLJK UHVSLUDEOH PDVV IUDFWLRQ

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 combinatio$ technical and technological parameters.

MATERIALS
Characteristics of the used materiah the experiment there were used natural
furniture cuttings with following parameters: woatNorway spruce (Piceabies), texturet
tangential lumber, parametetssWKLFNQHVY PP * PP ZLGWK PP “
PP “ PP KXPLGLW\ “
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Characteristics of the used machirtbe experiment was realized on a&afis CNC
machining centre SCM Tech Z5 (Figure 1) from the manufacturer Sjvbup, Rmini,
Italy.

Figure 1. CNC machining center SCM Tech Z5

Characteristics of the used todlthe singleshank cutter, type designation KARNED
4451 by the manufacturer Karned Tools s.r.o., Prague, Czech Republic was used during the
experiment. The revetsde knife HW 49.5/9/1,5 from cemented carbide T1OMG 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 00d,féed speed;\ 1, 2, 3, 4 and
5 m.mif'. 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 exhaustggfea CNC woodworking
center exhausting the entire spectrum of the produced chips.

x Granulometric analysisa 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 wit STN 153105 and STN ISO 3310: frequency of sifting
interruption +20seconds, amplitude of sieves deflection 2 MmM.gV LIWLQJ WLPH 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 Sadtss, R
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 @& 1, 3 and 5mm which is a normal addition for the
final working of furniture cubuts. Values of feed speed 1, 2, 3, 4 and 5 m‘naire
commonly used in the processing of plant wood. The graph on the Figure 2 presents the
values of granulometric chipomposition 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% bBare 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 definiteusaclabout
WKH LPSDFW RI WKH IHHG VSHHG )UDFWLRQ FKLSV ZLWK \
VKDUH DUH FRQVLGHUHG DV ILEURXV FKLSV DV ZHOO
characterized as isometric chips i.e. chips having approXynéite same size in all three
GLPHQVLRQV 7KH LQKDODEOH GXVW IUDFWLRQ RI SDUWLFC
share on average. The CNC machining centre does not produce respirable fractions smaller
WKDQ P

Comparing exhausted spruce chigigh 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 areharacterized 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 thaP3XDYH QR W
been measured, and thus do not form so called respirable fractions. It is possible to use, as is
VWDWHG E\ .PLQLDN DQG %DQVNL FORWK ILOWHUV ZL

P WR UHPRYH FKLSV IURP WKHriRe iting® J FXWWHU SURFHVYV

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 withinrtteecgandition.
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 '"XVW SDUWLFOHV ! P DUH D VKDUH RQ DYHUD.
milling process on a CNC machining center

x ,QKDODEOH GXVW SDUWLFOHV ! P DUH D VKDUH

Xx 7TKH RFFXUUHQFH RI SDUWYV V PR0Of0ddpranekpprizies w8 DQG \
not proven.

Xx &ORWK ILOWHUV ZLWK WKH WH[WLOH VHSDUDWLRQ OLP
from the milling process of spruce cuttings on a CNC machining center.

Acknowledgement This article was written with theupport 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 agglomeratethterial separation on a CNC machining center within
the nesting milling process.
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Influence of veneermerforation on 2D formability of two -layer material
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Abstract: Influenceof veneerperforation on 2D formabilityof two-layer material. The aim of the paper is to
investigate the effect of different perforations in veneers on the 2D formability efagwo material.Veneer
perforation was done with a G@ser.The twolayer material was composed of two veneers, one perforated and
one entire (notperforated), the fibers in the veneers being perpendicular to one another, and was glued using a
polyethylene film.The 2D (ganar) formability of twelayer materials was detected by thpent bending load

and evaluated through the minimum bending radius. The most significant improvement of formability
wasobserved after perforatiomthe shape of the letter "I" at the perfiiwa direction parallel to the wood grain.

Keywords:veneertwo-layer material, polyethylene film, perforation, bending radius

INTRODUCTION
Veneer, as a thin sheet of wodd,used in wood industry for the manufacture of
construction boards and for deative treatment of the surface of various materials. In order
to ensure the production of shapéensive 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. wtsth
mentioning chemical modifications with furfuryl alcoh@lerold andPfriem 2013), soaking
LQ DPPRQLD VRDNLQJ LQ FROG DQG KRW ZDWHU )HNLDDp

5RVHQWKDO JHNLDp *IERUtN &APLGULDNRYI WKF
(Schulz, Scheiding, Fischer 2012, Gaff et al. PRGLILFDWLRQ ZLWK UHVL
andAaPLGULDNRYI -l OMWGEMRSYHVVLRQ RI YHQHHUYV :DJHQ

2006). As one of the most effective methods of modification,the targeted disruption of
material integrity (structure) was méssted. On that basis,currently the most used method of
mechanical modification of veneers, for production of shafmsive products,wasinvented
E\ O]OOHU DQG )|JUVWHU DQG LR&AIZVGHORI Q\N®rdvac3201y, MeHH U " E\
andSandberg 2012, Kren2013). Targeted mechanical modifications of veneers were
PHQWLRQHG LQ ZRUNREDPINDQJIRYi DQG

When forming laminated materials, the adhesive applied between veneer layers is also
important. Thermosetting adhesives based on formaldehyde areoctynused. Because of
formaldehyde emissions and potential health risks, the interest in formalefebgdehesives
LV FXUUHQWO\ JURZLQJ &aPLGULDNRYI HW DO 6 XFK D
adhesives, polyurethane adhesives, hot melt poltby 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) fomability of twolayer materials with crodaminated veneers bonded with
polyethylene film.

MATERIALS AND METHODS

Two-layer material used for experimental tests was made by-lenoésating of two
veneersheets bonded together by a thermoplastic polye¢hfilen. In the bonded file, one
veneer was perforated,and the nextveneer was entirep@rtorated). 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. Forstipurpose, the veneer was perforated usinga I&€er.
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 betweethe perforations (5 mm and 2 mm) and three ways of arranging the
perforations with a respect to the wood grain (perpendicular to the woodgraih  SDUDOOHO
to the wood graint fand a combination of both directionsmix). 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 CO
laser i.e. 0.5 mm. As a comparison standard (reference}lapw@oed mateal without
modification (without perforation), made by crdssnding of two sheets of entire veneer, was
chosen.

15 90° I5 180° IS mix 12 00° 12 18¢° 12 mix
— f | I

= 5 = I EEE
#zzzzz HoL

S
= j = = 5 = = j =
Figure 1. Variations of veneer perforation in the shape of the letter "I' (wood grain in the perforated veneer was
always in the directionfahe shorter dimension = 20 mm)
I1RWH , f PtheBh@pe of,the letter "I", EV S D F L Q J R X Wzxarr&@igementperpendicular
to the wood grain
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Figure 2. Variations of veneer perforation in the shape of the letter "S" (the course of wanéhgtee
perforated veneer was always in the direction of the shorter dimension = 20 mm)
1RWH 6 f -Rhé Bhape df the letter "S"-5V SDFLQJ R X WarraRdgementf

perpendicular to the wood grain

For the production of twaayer material the sliced veneer from birch wooBdtula
Pendula, Roth ZLWK DQ DYHUDJH WKLFNQHVV RI “ PP DQC
0.5%was used. The thermoplastic polyethylene film had the thickness of 0.12 mm and the
coating was 100 g.th The createdile was pressed in leated hydraulic press (FONTUNE
TP 400) atpressparameters:temperature f &pressurel.8 MPa,time 4 minutes. In this
way, twclayer materials with the average thickness of 1.02 mm and dimensions of 90 x 200
mm were made. For eaclhiggested 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)werenanipulated. 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 Hpaeat bend (Figure
3). Considering the averagi@ickness of the test specimens, the distance between the supports
(lp) 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 othe half was loaded on the entire (nparforated) 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) (referere@nggns 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).

1 _ 40 1
3x F ’p ® 5 F
x ")/,;, E-\
N = Y \f o
F/2 %/2? %/2
b) c)

Figure 3. Basic scheme of thegpoint 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 twiayer material, 5 entire veneer in twdayer material

F F
Flz% % F/2) §
2) Fr2 b) F/2

Figure 4. The principle of loading on the test specimens considering the wood grain:
a) parallel to the grain, b) perpeadlar to the grain

The threepoint 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

From the measured maximum value of deflectighRg,) and from the distance of the
supports lp),the minimum bending radiufk{in) was calculated according to the formula 1
PHQWLRQHG E\ *IERUtN DQG 'XGDV %»DVHG RQ WKH
radius,the amendment of the 2D formability of the tewer 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 peyforatio
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 sh@tiif the load mandrel
acted on the entire surface (nperforated), the minimum bending radius was approximately
twofold (average Rin = 34.19 mm) when compared with the load mandrel acting on the
perforated surface (averaggR= 18.91 mm). Considerinthe designed composition of the
tested material we have found the result expected. Since it islayeomaterial with cross
layering, the wood grain of the entire surface of the test specimenwas always oriented in the
direction of the longer side andiet 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 sh@nower 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 warsettod ca
smaller crossectional area of the veneer in the dager 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 signifitéactor 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

PDUNHG f , @ cah 3eelhdt theztest 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 perpendictier to
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 lerisices (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 mx 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 sows 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 theaBantest at
significance level p = 0.036.
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Vertical columns indicate 95% confidence intervals
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Figure 5. Minimum bending radius under loading on the entire and the perforated surfacesaydéwmaterial
(modified by perforations of various shape, direction and spacing); and the minimum bendingfradius
the reference test specimens under loading parallel and perpendicular to the wood grain.
Where: | = the shape of the letter "I", S = the shape of the letter "S", 5 = 5 mm spacing,
PP VSDFLQJ f DUUDQJHG SHUSHQGDEXDODQUHGRSWK B TRIRG

grain, mix = combined arrangement

Analysingthe variance of the minimum bending radius we found out that, at loading
the entire surface of the twayer modified materials,a combination of selected shapes and
spacing in the ekigned 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 twdayer material. As seen in the graph (Figure 5), at perforaiio
WKH VKDSH RI WKH OHWWHU , DQG WKH SHUIRUDWLRQ GL
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 rdiffee was at the level of
significance p = 0.02.

CONCLUSION

For the purpose to ensure the production of shaeasive products based on wood
materials,it is necessary to constantly develop the possibilities of wood modification. One of
the effective mdtods of modification of wood and wodwhsed 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 indicatatheminimum bending radiugrepresenting the
2D (planar) formability/ bendability, we have confirmed the assumption aboufotdio
greater formability of the twdayer materials from veneers,perforated inone veneer,in the case
if, during bending, the pesfated 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 igrahe 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 ambined arrangement of perforation direction was shown; the
formability increased by 7%.

Taking into account the shape of the perforation, the-layer materials with
perforations in the shape of the letter "I" showed a more pronounced impact on the bendin
radius (2D formability) under loading the entire surface (perforations on the concave side).

Acknowledgement: This work was supported by the grant agency VEGA untherproject No. 1/0626/16 and
APV\£14-0506.
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K\hcklI\Z ba]dh¢ZzgRj_ \ kbdgalhiheyihke pbdebqg_kdhc
gZ]jmadb

-2=() *E%25%11% 9,/+$129E
Department ofurniture and Wooden Produ&aculty of WoodSciences and Techlogy, Technical University
in Zvolen, Slovakia

gghlzZpbkK\hcklI\Z bafile[ZzgHc\_kbbahiheyihkepbdebq_gdhjmaddbf eeyjgZy
Ni_\_kbgz ij_"~klz\ey_1 kh[hc dhgkljmdpbhgguc fZl_jbZe dhlhjuc [eZ]h”*Z]jy
k\hckI\Zf ih~"ohyalbalh\e _gby g kmsbo we_ f _glh\ dhgkljmdpbdjkbZiHggbc b dhg
JZ[hlZ gZijzZ\®teywZbkke "~h\Zgby pledglydpgkgZz]jmabd]bf de_zgRj_\_kbgu
hkgh\guf dhfihg_glhf dghéBlklyaihg balhlh\e_ghalhilky <h \j_fy pbdelkqg_kd
gZ]juuagZ[ex™Z_fu_ k\hckI\Z ijhgghklb b mijm]hklb baf_gyebkv g_jZ\ghf_jgh

exq_\u_keleZ zgZjy \_kbghkhihepbdebq_kdh_ gZijy _gbijhggdbklb[gZ, ba]b][
fhrmev mijm]lhklb

<<?>?7GB?

FZdkbfzZzevgh_ bkiheVjah\kxblgilnfie dKgkihkaf fh™ | [ulv
AhkliblJgmlh iml_f kharZgby gh\uo |_aogdidlifechh[jEgyhjdhajz[hldb b
ijhba\h~kl\Zz ~j_\_kguo kljhbl_evguo fZl_jbZeh\ [ueh ihemqg_gb_
\ukhdbfb k\hckl\zfp fHkKb\gR*j_\_kbgu khhlI\_IklI\bb k fbjh\ufb
l_g”_agb \~_j_\hh[jZ[Zlu\Zxs_c ijhfure_gghklb Zdp_gl "_eZ
ijbh[j_I _gb_  gh\uo agZgbc h[ wnn_dlb\ghf bkihevah\Zgbb
kljhbl_evkijhba\h”*"ki\li_eb b ~jmjbolkl\neljZkeyo bkihevamxsbo
N\ _kgu_ fZl. (Kdjetko et al. 2010).KhaZzgb _ dhfilbgbudZl jbZehZA
hkgh\_ 7~j_\_kbgu Ij_[m_fudakKhhgkl\lhevdh ihke_ IsZl_evgh]h Zgc
k\hckl\ [Zah\uo fZBabet ali?2001).

De_zgZjy \_kboggzah\Zigh]hkehcgRgkljmd&pbH _evgu_ kehb
rihgZ bf_xl| iZjZee hgbgqhZ gAyxlin et al.2004,Eckelman 1993, Zemiaat al.

2009). Hg o0ZzZjzdl_jbam_lky \ukhdbfb f_oZgbqg_kdbfb k\hckI\Zft
ijhgghklvx ]Jb[dhklvx b mklhcgb\hklvx d ~bgzZfbqgq_kdhfm gZijy
dR j R [ e HEvwobodeet al.2015).

De_zg¥y\_kbgrbjhdh bkiheviam[dK«flb[ _eb b kljhbh &vkl\

N j_\ygguo dhgkljmdpbya bkihghhamhdky \ \b”"K [Zegd a; gby
gZ]jmadbwlbdhgkljmdub\we fugbo oZjzZdl_jghc hkh[_gghklvx y\ey
mirebg. Bamdxd\ _j*hklb [mdhl\uocebgihliho [Zehd b mkbe_gguo klZe
[ZehadZgbfZebkveRaRZDYO).

< h[eZklb f_¢fleelzgZy\ _kbgZ bf__| agZgbl_evgh_ ijbf_g_gb_
hihjgulomijmbve f glh\ djhd&@b gZaebqgguo qgZkl_c f_[_elgbrey kb”" _
kljhbl_evkI\_ f [_eb hgimkykiheb”_ijyfuo]gmely we f_glh\ gz
hkgh\_ rihpZNLDp JHNLDp b *IERUtN *IERUtN b 9LOKI
O9LOKDQRYI et/dD Q JR YD N R YZEMialR003).Rihg ij_"~klZ\ey_| kh[hc
lhgdbc ebkijb\a kbgbkihevam_fdk \kl_kI\_gghc nhjf_zgeb bafbg
jZaebggWilhkh[Zfb B HINKWD=HPLDKHNBDI, Zemiaret al. 2014).
FhbnbdZpby memqrZ_1| | _ogbq_kdb_ beb wkl_IBekhtedal. k\hckl\

) H Nét &8l.p ) H Nét &l.p /IDQJR-RiADPiN 6ODEHMRYi D aPL(

6ODEMBMRYL7). Khq_|Zgb_ g_h[jZ]BIZigHbnbpbjRERjid gD
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ihal\hey | ijhba\h”~blv fZl_jbZe k jZaebqgdhkPEkN2CGK|VZER UtN
2012).

K Ilhgdb aj_gby \hafh ghklb jZkrbgbgbgeijbfhg ~j \_kbgu g.
ijZdlbdg_h[oh~bfh IsZl_evgh ijhzZgZzdhabki\ZIv*iERUtN HW DO
Bkke_ _"~h\Zgby [ueb knhdmkbjh\Zgu gZ klZlbg_kdbo D ~bgZzZft
fghlhkehcghc N\ _kbgu cldeihdgyg f _eZfbghnhjfZev” ]b"hf b
ihebmjghZuf de._JfameviZlu wdki_jbf _glh\ ihdZazZeb qlh k Ihi
dhgljhebjm_fuo k\hckl\ [he__ p_e_khh[jZagh bkihewal\ZIv ihebm

>j \_kgu_ fZl _jbZeu bkihevam_fu_ \ ijhba\h?kI\_ f_[_eb
jZaebqgu_ Ij _[h\Zgby hkgh\Zgghuwo blghevaky¥Zgb g dhlhjuo
dhgdj_Ilguo kemqgZyo ihfbfh k\hckl\ ijhgghklb Zdp_gl *"_eZ_ Iky
"helh\_qghklb b Rghfflhkehégdlu jbZeu \ ijhp_kk_ bkihevah\Zgby ijh
gZklh ih”\_j]Zxlky pbdebg_kdhc f_oZ®Pdf RKVNGEZ]jmad_

K wlhc Ihgdb, afju gpRHelgZ[ex”™ glb\hcklép balbde _zgRc
Nj_\_kbghuke zpbdebqg_lgdhjanadb dhlhjmx fu fh _f kgblZlv “he]h\
ihdzazl \eidif _~ e gghf kfuke _

WDKI?IJBF?GL:EVG:Y Q:KLV

>ey wdki_jbf _glZevgh]h gZ[ex”_ _@lkv bkyhekahdgZygZy
Nj_\_kbgzZ hkgh\zZgb_ dhlhjhc nkd kyiRyi®Rm @apulus tremula L.,)
lhesbgR® ff. < dzZq_klI\_ k\lyakjxs\kJlhN[me bkihevahid£gc Gau
_ogh[hg3 Iheb\bgbeZp_1Zlgu_ de_b ijbf_gyxlky ijb kde_b\Zgbb
hkgh ~j \_kbgu ihkdhevdm hgb [héiERWdNe h]bqgiEaRA016|
Svobodeet al. aPLGUEaNRDNGI).

De fuegZgedgZrihgh”~ghklhjhdgkkhc 2] 1j_kkh\Zighdd hi\
ijh\h~"beb gZkkj KBFB ijb |_fi_jZ2Mfj Kr"Z\e gb_f FlzZ<j_ fy
ij_kkh\Zgby khklzZ\eydéhkeathig kkihflWlihemqgbieblpnZafof o]

o] ff >Zeiebllu”_j " b\Zet* gZ]jmadigcdhke ‘ej™dbgzf
[uelgm gith” _ebhyjZzapeykiulZgbkhZlbqg_ kdh]hDb)Zdfle L0 x 40 x

ff brey'bgzZfbq_ kkbolZgpbdebogRd&]jnRaaljZafelO x 40 x 630
ff.Oh” ~j \_kguo \hehdhg [ue \ biijzlZp\ eZg b\ bYebgrey
dZz ~h]lh | _klZ bkiheltah|\jZalpkw
BkiulZzgb_ gZ klZlbq_kdbc balb[ ijh\h~behkv \ khhlI\_Ikl\bb k
ihfhsvx |j_olhg_qgh]lh ba]lb[Zu pdilZelpbdebq_kdb_ gZijy _gby g
mkljhcklgdDbalb[ k]b[Zy bkiulzZi[jZmgk h*ghklhjlggZ]jmadhc
h[eZklb mijm]hklb jbk

JbkmghKIZIbgq_kdbc |_kl-gZ baig[ qguc balb[

< klZlbg_kdhf bkiulzgbb gZ ba]lb[ fu gZ[ex"Zeb kbem gZ]jm
jbk . Ba baf_j gguo agZqgq_gbc fu jZkkgblZeBblf{bgohklv gZ
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