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Umit Ergin’, Sait Dundar Sofuoglu?

Determination of Machining
Characteristics of Heat-Treated
Siberian Pine (Pinus sibirica)

Odredivanje svojstava obradivosti toplinski
modificiranog drva sibirskog bora
(Pinus sibirica)

ORIGINAL SCIENTIFIC PAPER
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ABSTRACT ¢ The main objective of this study is to determine the effect of heat treatment on the machining
properties of solid wood material and determine the optimum cutting parameters to obtain surfaces with minimum
surface roughness. In line with this goal, Siberian pine (Pinus sibirica) wood species, widely used in the wood-
working and furniture industry, was chosen as the experimental material. The heat-treated (at a temperature of
190 °C for 2 hours) and untreated samples were machined using two different cutters (carbide upcut milling cutter
and carbide compression milling cutter) with 5 mm diameter at 1000, 1500 and 2000 mm/min feeds, 8000, 12000,
16000 rpm spindle speed, 50, 75 and 100 % stepover on the CNC machine. Surface roughness values (Ra and Rz)
were measured to evaluate the obtained surfaces according to ISO 468 (2009), 1SO 3274 (2005), and ISO 4287
(1997) using a contact profilometer. When the data was evaluated in general, the lowest roughness value for Ra
occurred in upcut milling cutter, with 50% stepover, 12000 rpm, 1000 mm/min feed on untreated solid wood mate-
rial. The highest roughness value for Ra occurred in a compression milling cutter, with 100 % stepover, 16000
rpm, 2000 mm/min feed on heat-treated solid wood material. It has been observed that the feed is the most critical
parameter affecting the surface roughness.

KEYWORDS: heat treatment, machining parameter, roughness, Siberian pine, wood material

SAZETAK e Glavni cilj ovog istrazivanja bio je utvrditi utjecaj toplinske modifikacije na svojstva obradivosti
cjelovitog drva te utvrditi optimalne parametre rezanja za postizanje obradene povrsine minimalne hrapavosti.
U skladu s tim ciljem, za istrazivanje je odabrano drvo sibirskog bora (Pinus sibirica) koje ima Siroku primjenu
u drvopreradivackoj industriji i proizvodnji namjestaja. Toplinski modificirani (na temperaturi 190 °C tijekom
dva sata) i nemodificirani uzorci obradeni su na CNC stroju dvama razlicitim glodalima (usadnim glodalom s
uzlaznom zavojnicom i usadnim glodalom s uzlazno-silaznom zavojnicom) promjera 5 mm s ostricama od tvrdog
metala, te uz posmicnu brzinu od 1000, 1500 i 2000 mm/min, frekvenciju vrtnje vretena od 8000, 12 000 i 16 000
okr./min te s korakom glodanja od 50, 75 i 100 %. Hrapavost povrsine (Ra i Rz) izmjerena je kontaktnim profilome-

! Author is graduate student at Kutahya Dumlupinar University, Institute of Graduate Education, Kutahya, Turkey. https://orcid.org/0000-0002-5476-9726
2 Author is associate professor at Kutahya Dumlupinar University, Faculty of Simav Technology, Department of Wood Works Industrial Engineering, Simav/Ku-
tahya, Turkey. https://orcid.org/0000-0002-1847-6985
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trom kako bi se povrsina ocijenila prema ISO 468 (2009), I1SO 3274 (2005) i ISO 4287 (1997). Dobiveni rezultati
pokazuju da je najmanja vrijednost hrapavosti Ra zabiljezena za povrsinu nemodificiranih uzoraka obradenih
usadnim glodalom s uzlazno-silaznom zavojnicom, i to uz ove parametre obrade: korak glodanja 50 %, frekvenci-
Ju vrtnje vretena 12 000 okr./min i posmicnu brzinu 1000 mm/min. Najvecéa vrijednost hrapavosti Ra zabiljezena
Jje za modificirane uzorke obradene usadnim glodalom s uzlazno-silaznom zavojnicom za ove parametre obrade:
korak glodanja 100 %, frekvenciju vrtnje vretena 16 000 okr./min i posmicnu brzinu 2000 mm/min. Uoceno je da
Jje posmicna brzina najkriticniji parametar koji utjece na hrapavost obradene povrsine.

KLJUCNE RIJECI: toplinska modifikacija, parametri obrade, hrapavost, drvo sibirskog bora, drvni materijal

1 INTRODUCTION
1. UVOD

From the past to the present, different “Wood
Modification Methods” have been developed due to all
scientific studies and research done to eliminate some
of the negativities of solid wood material. Wood modi-
fication is applied to change or improve the negative
properties of wood material (Senol, 2018; Senol and
Budakci, 2016).

Today, heat treatment is applied to wood material
to improve its dimensional stability and increase its
biological durability. This is a nature and environment
friendly method.

The physical and mechanical properties of heat-
treated wood materials change. This change can be
positive or negative, occurring during production and
post-production use. The effect of heat treatment needs
to be determined for each tree species and condition.
However, there are not enough studies in the literature
on the subject.

Related to heat treated wood materials, there are
studies in the literature on mechanical properties (Ak-
man, 2008; Bal and Kilavuz, 2021; Doruk et al., 2014;
Esen and Ozcan, 2012; Icel and Beram, 2017; Korkut
etal.,2008; Mburu et al., 2008; Percin and Ayan, 2012;
Percin et al., 2017; Percin and Altunok, 2019; Yildiz et
al., 2006), mass loss (Zaman et al., 2000, Esteves et
al., 2007; Lunguleasa et al., 2018) wettability (Hakkou
et al., 2005a; Kilincarslan and Simsek, 2020, Petris-
sans et al., 2003), color changes (Atar et al., 2019;
Ayadi et al., 2003; Ayata, 2020; Baysal et al., 2018;
Gurleyen et al., 2018; Karamanoglu and Kaymakci,
2018; Pelit, 2017; Sahin Kol ef al., 2017; Yasar, 2009)
hardness (Adela Salca and Hiziroglu, 2014; Efe and
Bal, 2016; Gurleyen et al., 2017; Karamanoglu and
Kaymakeci, 2018), biological durability to brown rot
fungi (Duzkale Sozbir and Bektas, 2019), evaluations
on microscopic images of heat treated wood (Icel and
Simsek, 2017), surface roughness (Ayata et al., 2018;
Altun and Esmer, 2017; Cakicier, 2018; Korkut and
Guller, 2008; Pelit et al., 2021) dimensional stability
(Sahin and Guler, 2018) bonding strength of some ad-
hesives (Percin and Uzun, 2014; Ayata and Cakicier,
2018) surface densification (Ayrilmis et al., 2019;
Gong et al., 2010), chemical changes (Hakkou et al,

140 ) DRVNA INDUSTRIJA 74 (2) 139-152 (2023)

2005b), evaluation of studies on heat treatment (Este-
ves and Pereira, 2009; Ulay ef al., 2014). Heat treat-
ment changes the chemical composition of wood, lead-
ing to mass loss (Esteves and Pereira, 2009). Heat
treatment reduces specific wood mechanical proper-
ties, but the dimensional stability and biological dura-
bility of wood increase through heat treatment. In addi-
tion, heat treatment results in favorable changes in the
physical properties of the wood, such as reduced
shrinkage and swelling, low equilibrium moisture con-
tent, enhanced weather resistance, a decorative dark
color, and better decay resistance (Korkut et al., 2008;
Yildiz, 2002). However, there are few studies on the
change in machining properties and optimum machin-
ing parameters of heat-treated wood materials. Budak-
ciet al. (2011) examined the effects of different circu-
lar saws on the surface roughness of heat-treated wood.
Heat treatment increased the surface roughness of the
wood used (Budakci et al., 2011). Heat treatment of
Scots pine (Pinus sylvestris L.), Eastern beech (Fagus
orientalis L.), Uludag fir (Abies bornmiilleriana Mat-
tf.), and sessile oak (Quercus petraea L..) decreases the
surface roughness value of the wood material and a
significant difference in surface roughness cannot be
detected between planing (Budakci et al., 2013). Gun-
duz et al. (2008) reported that the surface roughness of
modified Camiyani Black Pine wood (Pinus nigra Arn.
subsp. pallasiana var. pallasiana) is lower. The surface
roughness of heat-treated beech machined by milling
was slightly higher than that of untreated wood (Ispas
et al.,2016). Hacibektasoglu ef al. (2017) revealed that
heat-treating beech (Fagus sylvatica L.) for | hand 2 h
had a negligible effect on the processing roughness af-
ter planing, measured by Rk.

Industrial development and international com-
petitiveness impose higher demands on wood industry.
New technologies and cutting materials are the key to
successful productivity in the manufacturing process
(Dobrzynski et al, 2018). Before heat-treated wood
materials are turned into the final product, they may
need to be machined with classical machines and mod-
ern CNCs. After machining, solid wood is expected to
be smooth (minimum surface roughness) and free of
machining defects. In this context, machining parame-
ters will be determined to obtain the lowest surface
roughness.
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Therefore, the scope of this study was as follows:
1. To choose optimum machining parameters (cutter
type, stepover, spindle speed, and feed) for Siberian
pine wood material,
2. To determine the effect of heat treatment on machin-
ing properties and to investigate optimum machin-
ing parameters to obtain the smoothest surface.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Siberian pine (Pinus sibirica), which is one of the
coniferous tree species with a wide area of use and
widely grown, was chosen as the experimental material
in the study. The samples (heat-treated at a temperature
of 190 °C for 2 hours and untreated) were all randomly
selected from Atlas Tomruk, Simav, Kutahya Turkey.
They were conditioned at temperatures of (20+2) °C
and (65+5) °C, with a relative humidity to the moisture
content (MC) of about 12 % (Nuve, ID500). The den-
sity of the Siberian pine tree species at 12 % humidity
was determined as 0.623 g/cm® for untreated samples
and 0.470 g/cm® for heat-treated samples (ISO 13061-
1, 2014; ISO 13061-2, 2014). The experimental pro-
cess flowchart of the study is given in Figure 1.

Conditioned cabinet for
12 % humidity
komora za kondicioniranje na
12 % relativne vlage zraka

Statistical analysis / statisticka analiza

Figure 1 Experimental process flowchart
Slika 1. Dijagram tijeka eksperimenta

The experiments were carried out on a Diacam 3
axis CNC milling machine (Simav Vocational and
Technical Anatolian High School, Simav, Kutahya,
Turkey) with a maximum spindle speed of 24000 rpm.
New and sharp cutters were used in each cutting test.
Upcut milling cutter had cutting helixes and, when
looking at the router bit with the tip pointing down-
wards, the cutting helixes were inclined to the right.
When rotating clockwise, the router bit pushed the
chips upwards ensuring an excellent finish on the bot-
tom side of the workpiece. The ability of the positive
cutting edge to move the chip towards the shank is
called the ‘pulling feature’ and allows the router bit to
make single passes. Carbide positive-negative milling
cutter (pulling and pushing feature) with positive and
negative cutting edges can achieve an optimal finish on
both sides of the wood and wood-based materials.
These cutters are used in CNC for contouring, sizing,
and profiling hardwood and wood composites, lami-
nated, and plastic materials. These cutters have two
positive helixes at the bottom of the cutting edge and
two negative ones at the top. The cutter 2+2 mouth
positive and negative structure discharges chips from
both the top and bottom of the material and gives
smooth results for every surface cut (Figure 2). The ex-

CNC machining, cutting with circular saw

CNC obrada, piljenje kruznom pilom l

Surface roughness (Ra, Rz) / hrapavost povriine (Ra, Rz)
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A=
-t

g

b

Figure 2 Cutter types: a) Carbide upcut milling cutter, discharges chips upwards b) Carbide compression (positive-negative)

milling cutter, discharges chips from both the top and bottom

Slika 2. Vrste glodala: a) usadno glodalo s uzlaznom zavojnicom i o$tricama od tvrdog metala; izbacuje strugotinu prema gore,
b) usadno glodalo s uzlazno-silaznom zavojnicom i oStricama od tvrdog metala; izbacuje strugotinu i s gornje i s donje strane

periments were carried out with two router cutters
(Toolstechnic, Tungsten carbide upcut milling cutter
(helix angle: 19°) and Toolstechnic, tungsten carbide
positive-negative (compression) milling cutter (helix
angle:23°) with 5 mm in diameter) (Figure 3).

Stepover is a machining parameter that defines
the distance between two neighboring passes over the
workpiece. It is usually given as a percentage (ratio) of
the tool diameter (Topal, 2009). The term stepover is
illustrated in Figure 3. Various experiments were car-
ried out in this study under stepover (50 %, 75 % and
100 of tool diameter).

A total of 108 pieces (54 treated + 54 untreated)
of dimensions of 50 mm x 50 mm were grooved on
wood materials by a CNC router (Figure 3). The sur-

face roughness measurements were performed on a ra-
dial surface parallel to the grain at 3 separate lines on
each specimen. The measuring parameters (average
roughness (Ra) and ten point average roughness (Rz))
are described in ISO 468 (2009). The measurement of
surface roughness was conducted according to the pro-
tocols in ISO 468 (2009), ISO 3274 (2005), and ISO
4287 (1997). The Surface Roughness Tester Time
TR200 (Time Group Inc., China), surface roughness
measurement equipment, was used for the determina-
tion of the surface roughness values via a contact stylus
trace method. Gaussian filter type was used. The Ro-
bust Gaussian Regression Filter is useful for wood sur-
faces and can avoid the anatomical biasing effect (Gu-
rau and Irkle, 2017). The sampling length was taken as

Table 1 Assignment of levels to factors (parameters used in face milling of Siberian pine)
Tablica 1. Dodjeljivanje razina ¢imbenicima glodanja (parametri koji se koriste pri ceonom glodanju drva sibirskog bora)

Parameter / Parametar Coded levels / Oznake razine
Level 1/ Razina 1. Level 2 / Razina 2. Level 3 / Razina 3.

Heat treatment / toplinska modifikacija 1 (untreated) 2 (heat- treatment)
Cutter type / vrsta glodala 1 (upcut) 2 (compression, positive- negative)
Stepover / korak glodanja, % 50 75 100
Spindle speed, rpm 8000 12000 16000
frekvencija vrinje vretena, okr./min
Feed, mm/min / posmicna brzina, mm/min 1000 1500 2000

142 ) DRVNA INDUSTRIJA 74 (2) 139-152 (2023)
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T,

Raster

5 Feed
——-'—N posmicna brzina
¥ =
Cutter diameter i
Cutter promjer glodala
glodalo i
Depth of cut (4 mm)
dubina glodanja (4 mm)
-

20

Stepover / korak glodanja (100 %)

C 2

Spindle speed

frekvencija vrtnje

Figure 3 Parameters of CNC process
Slika 3. Parametri CNC obrade

0.8 mm. With increasing scanning length, the spatial
resolution (along the scanned profile) was reduced, as
well as the accuracy for determining the minute surface
irregularities, such as wood anatomical components
(Sandak et al., 2020). Surface roughness values were
measured with an accuracy of £0.01 um. The stylus
probe speed was chosen as 10 mm/ min, the diameter
of the measurement needle was 5 pm, and the needle
tip was 90°. Care was taken to provide adequate meas-
urement conditions - temperature around 18-22 °C
with no vibrations. The tool was calibrated prior to the
measurement, and the calibration was checked at es-
tablished intervals.

3 RESULTS AND DISCUSSION

In the study, specimens were machined with
CNC to determine the effect of heat treatment, cutter
type, stepover, speed and feed on the roughness param-
eters (Ra and Rz). The roughness values measured on
the machined surfaces are given in Table 2.

The lowest roughness value for Ra (Ra = 1.42
um) was in the untreated specimens; it occurred in up-
cut milling cutter (cutter type 1), 100 % stepover,
16000 rpm and 1500 mm/min feed. The highest rough-
ness value for Ra was in the untreated specimen (Ra =

Table 2 Surface roughness values obtained according to machining conditions
Tablica 2. Vrijednosti hrapavosti povrsine ovisno o uvjetima obrade

Heat treatment Stepover, % | Spindle speed, rpm | Feed, mm/min
Number . Cutter type . C .
Broj Top]mskci ot bl Koqu Brzina vre}‘ena, Posmicna l?rzma, Ra, pm | Rz, pm
modifikacija glodanja, % okr./min mm/min
1 1 1 50 8000 1000 2.36 11.20
2 1 1 50 8000 1500 2.75 13.63
3 1 1 50 8000 2000 1.99 9.95
4 1 1 50 12000 1000 2.54 13.19
5 1 1 50 12000 1500 2.81 14.09
6 1 1 50 12000 2000 1.54 9.70
7 1 1 50 16000 1000 2.84 14.48
8 1 1 50 16000 1500 2.31 11.42
9 1 1 50 16000 2000 2.74 12.81
10 1 1 75 8000 1000 1.99 10.87
11 1 1 75 8000 1500 2.19 11.73
12 1 1 75 8000 2000 2.63 13.24
13 1 1 75 12000 1000 2.14 11.04
14 1 1 75 12000 1500 2.37 12.19
15 1 1 75 12000 2000 3.00 14.98
16 1 1 75 16000 1000 3.15 15.45
17 1 1 75 16000 1500 2.10 10.03
18 1 1 75 16000 2000 3.81 20.67
19 1 1 100 8000 1000 3.48 17.21
20 1 1 100 8000 1500 2.53 12.63
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Heat treatment Stepover, % | Spindle speed, rpm | Feed, mm/min
Number . Cutter type . e .
Broj Top.lznskz'z. Vista glodala Koqu Brzina vre.tena, Posmicna l?rzma, Ra, pm | Rz, pm
modifikacija glodanja, % okr./min mm/min

21 1 1 100 8000 2000 2.73 15.44
22 1 1 100 12000 1000 3.12 16.60
23 1 1 100 12000 1500 2.95 14.99
24 1 1 100 12000 2000 3.30 16.18
25 1 1 100 16000 1000 3.07 14.35
26 1 1 100 16000 1500 1.42 7.26

27 1 1 100 16000 2000 3.79 17.85
28 1 2 50 8000 1000 1.76 9.71

29 1 2 50 8000 1500 1.89 9.99

30 1 2 50 8000 2000 3.71 18.58
31 1 2 50 12000 1000 2.12 10.78
32 1 2 50 12000 1500 2.67 14.53
33 1 2 50 12000 2000 2.68 14.57
34 1 2 50 16000 1000 2.49 14.41
35 1 2 50 16000 1500 3.36 17.93
36 1 2 50 16000 2000 3.09 14.38
37 1 2 75 8000 1000 2.21 11.61
38 1 2 75 8000 1500 2.56 12.76
39 1 2 75 8000 2000 2.78 14.39
40 1 2 75 12000 1000 3.08 15.09
41 1 2 75 12000 1500 2.76 14.27
42 1 2 75 12000 2000 2.98 15.50
43 1 2 75 16000 1000 3.41 16.10
44 1 2 75 16000 1500 3.23 15.48
45 1 2 75 16000 2000 3.15 16.56
46 1 2 100 8000 1000 2.43 11.90
47 1 2 100 8000 1500 2.55 12.57
48 1 2 100 8000 2000 3.35 17.36
49 1 2 100 12000 1000 2.61 13.50
50 1 2 100 12000 1500 3.17 15.36
51 1 2 100 12000 2000 2.73 13.26
52 1 2 100 16000 1000 2.53 12.99
53 1 2 100 16000 1500 2.92 14.79
54 1 2 100 16000 2000 2.16 12.33
55 2 1 50 8000 1000 1.80 9.91

56 2 1 50 8000 1500 3.24 15.42
57 2 1 50 8000 2000 3.71 16.63
58 2 1 50 12000 1000 2.77 12.57
59 2 1 50 12000 1500 3.33 15.19
60 2 1 50 12000 2000 3.12 14.91
61 2 1 50 16000 1000 2.28 11.74
62 2 1 50 16000 1500 3.29 16.21
63 2 1 50 16000 2000 3.27 15.66
64 2 1 75 8000 1000 3.10 15.89
65 2 1 75 8000 1500 2.15 10.04
66 2 1 75 8000 2000 2.88 12.77
67 2 1 75 12000 1000 3.00 13.42
68 2 1 75 12000 1500 2.84 1374
69 2 1 75 12000 2000 1.89 9.58

70 2 1 75 16000 1000 2.39 13.08
71 2 1 75 16000 1500 2.87 14.84
72 2 1 75 16000 2000 2.81 14.86
73 2 1 100 8000 1000 2.49 13.81
74 2 1 100 8000 1500 2.75 14.33
75 2 1 100 8000 2000 2.47 11.98

144 DRVNA INDUSTRIJA 74 (2) 139-152 (2023)




Ergin, Sofuoglu: Determination of Machining Characteristics of Heat-Treated Siberian Pine (Pinus sibirica)

Heat treatment Stepover, % | Spindle speed, rpm | Feed, mm/min
Number . Cutter type . e .
Broj Top.lznskz'z. Vista glodala Koqu Brzina vre.tena, Posmicna l?rzma, Ra, pm | Rz, pm
modifikacija glodanja, % okr./min mm/min
76 2 1 100 12000 1000 1.98 1023
77 2 1 100 12000 1500 2.12 10.20
78 2 1 100 12000 2000 2.02 8.95
79 2 1 100 16000 1000 2.69 13.61
80 2 1 100 16000 1500 3.53 16.33
81 2 1 100 16000 2000 3.42 18.34
82 2 2 50 8000 1000 2.27 13.44
83 2 2 50 8000 1500 2.99 15.34
84 2 2 50 8000 2000 3.33 17.19
85 2 2 50 12000 1000 2.17 10.85
86 2 2 50 12000 1500 3.08 14.77
87 2 2 50 12000 2000 2.65 12.57
88 2 2 50 16000 1000 2.49 12.19
89 2 2 50 16000 1500 2.66 13.40
90 2 2 50 16000 2000 2.41 11.67
91 2 2 75 8000 1000 3.02 14.73
92 2 2 75 8000 1500 2.69 14.51
93 2 2 75 8000 2000 3.02 16.99
94 2 2 75 12000 1000 2.48 12.91
95 2 2 75 12000 1500 2.93 14.64
96 2 2 75 12000 2000 2.71 13.22
97 2 2 75 16000 1000 2.34 12.48
98 2 2 75 16000 1500 3.48 15.20
99 2 2 75 16000 2000 3.10 15.58
100 2 2 100 8000 1000 2.50 12.26
101 2 2 100 8000 1500 3.45 19.15
102 2 2 100 8000 2000 3.49 15.48
103 2 2 100 12000 1000 1.98 9.33
104 2 2 100 12000 1500 2.29 12.07
105 2 2 100 12000 2000 3.07 14.81
106 2 2 100 16000 1000 2.73 12.88
107 2 2 100 16000 1500 2.82 13.49
108 2 2 100 16000 2000 2.63 12.29

3,81 pum) in upcut milling cutter, 75 % stepover, 16000
rpm spindle speed and 2000 mm/min feed. The lowest
roughness value for Rz (Rz = 7.26 um) occurred in the
untreated samples, cutter type 1, 100 % stepover,
16000 rpm spindle speed and 1500 mm/min feed. Up-
cut milling cutters push the chips upwards and thus en-
sure an excellent finish on the bottom side of the wood
and wood- based materials. The highest roughness
value for Rz (Rz =20.67 pm) occurred in the untreated
samples, cutter type 1, 75 % stepover, 16000 rpm spin-
dle speed and 2000 mm/min feed (Table 2).

The lowest and highest Ra and Rz values oc-
curred at 16000 rpm. Statistical analyses were per-
formed by using MINITAB software for a confidence
level of 95 % (e.g., significance level of 0.05). The ob-
tained data were subjected to normality test.

As seen in Figure 4, the average Ra and Rz values
obtained in average roughness measurements show
normal distribution at 95% confidence level, since the

P value is higher than 0.05 (P =0.923 for Ra; P=0.680
for Rz).

3.1 Surface roughness for Ra

Table 3 presents the results of analysis of vari-
ance for Ra.

According to the results of variance analysis for
Ra at 95 % confidence level, it was seen that heat treat-
ment (0.05 < P=0.564), cutter type (0.05 < P=0.520),
stepover (0.05 < P =0.751) and spindle speed (0.05 <
P =0.168) did not make a statistically significant dif-
ference, while feed (0.05 > P =0.015) made a statisti-
cally significant difference (Table 3).

Figure 5 shows the interaction of heat treatment,
cutter type, stepover, spindle speed and feed in terms of
Ra in the main effect plot.

Higher Ra values occurred on the machined sur-

faces of heat-treated wood materials. Heat treatment
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Figure 4 Normality graphs for Ra and Rz
Slika 4. Normalizirani grafovi za Ra i Rz
Table 3 Results of variance analysis (ANOVA) for Ra
Tablica 3. Rezultati analize varijance (ANOVA) za parametar Ra
Source / Izvor DF Adj SS Adj MS F Value P Value
Heat treatment / toplinska modifikacija 1 0.0817 0.08173 0.33 0.564
Cutter type / vrsta glodala 1 0.1017 0.10171 0.42 0.520
Stepover / korak glodanja, % 2 0.1402 0.07009 0.29 0.751
Spindle speed, rpm / brzina vretena, okr./min 2 0.8872 0.44362 1.82 0.168
Feed, mm/min / posmicna brzina, mm/min 2 2.1399 1.06995 4.38 0.015
Error / pogreska 99 24.1854 0.24430
107 27.5361

Total / ukupno

caused the development of surface roughness (Budakci
et al., 2011; Pelit, 2014). Heating wood causes a de-
crease in the volume and mass of the wood via in-
creased stringiness, water loss from the structure of the
wood because of the loss of hydroxyl groups, material
losses in the cell wall, and the breakup of hemicellu-
loses (Budakei et al., 2011, Korkut and Kocaefe 2009).
With the increase in the compression ratio (from

Smoother surfaces (lower Ra values) were ob-
tained with cutter 1. Ra values increased when the ste-
pover was increased from 50 % to 75 %, and there was
not much change in Ra values when it was increased
from 75 % to 100 %. The lowest Ra values were ob-

served at 50 % stepover rate. Ra values decrease when
the spindle speed is increased from 8000 rpm to 12000
rpm. When the spindle speed was increased from
12000 rpm to 16000 rpm, a remarkable increase in Ra

0 % to 40 %), roughness values decreased.
| Heat treatment Cutter type Stepover, % Spindle speed, Feed, mm/min
294 toplinska vrsta glodala korak glodanja, % rpm Posmicna brzing,
modifikacija brzina vretena, mm/min ‘,'
okr./min ¢ /
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/ {
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Figure 5 Main effects plot of Ra in terms of heat treatment, cutter type, stepover, spindle speed and feed
Slika 5. Prikaz glavnih utjecaja na parametar Ra u smislu toplinske obrade, vrste glodala, koraka glodanja, brzine vretena i posmicne brzine
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values occurred. The Ra values increased linearly as
the feed increased from 1000 mm/min to 2000 mm/
min. When evaluated in general, the lowest mean Ra
value according to main effect plot occurred in the un-
treated specimens, cutter type 1, 50 % stepover, 12000
rpm spindle speed and 1000 mm/min feed.

According to the literature, smoother surfaces are
obtained at low feeds in wood and wood-based mate-
rial experiments. Generally, as the feed increases, the
roughness values increase (Bal, 2018; Ilter ef al., 2002;
Davim vd., 2009; Sutcu and Karagoz, 2012; Karagoz,
2010; Isleyen and Karamanoglu, 2019; Hazir et al.,
2018; Pinkowski et al., 2018; Aykac and Sofuoglu,
2021; Bal and Akcakaya, 2018; Pelit ef al., 2021, So-
fuoglu et al., 2022). The results obtained in terms of
feed are similar to those found in the literature.

The increased spindle speed in the rotating cut-
ters decreases the roughness values resulting in
smoother surfaces (Aghakhani et al., 2014; Aykac and
Sofuoglu, 2021; Davim et al., 2009; Hazir et al., 2018;
Isleyen ve Karamanoglu, 2019; Karagoz, 2010; Kaya
et al., 2017; Koc et al., 2017, Patel and Patni, 2014;
Rawangwong et al., 2011; Sofuoglu, 2015; Sutcu and
Karagoz, 2012; Sutcu and Karagoz, 2013). The larger
the number of cutter marks per unit distance on the
solid wood surface, the better the surfaces can be.
(Malkocoglu and Ozdemir, 2006; Sofuoglu and Kur-
toglu, 2014; Sofuoglu, 2008). Vibration may occur in
the machine, although it varies depending on the CNC
and wood type, if the spindle speed exceeds a specific
value, and this may cause an increase in roughness. In
addition, burning may occur on the wood surface of the
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material. It is assumed that the increase in Ra values
when the speed is increased from 12000 rpm to 16000
rpm is due to vibration.

Figure 6 presents graphically the interactions of
heat treatment, cutter type, stepover, spindle speed and
feed in terms of Ra.

When the interaction graph is examined regard-
ing heat treatment and cutter type, cutter 1 gives a low-
er Ra value than cutter 2 in the unheated specimens. In
the heat-treated specimens, Ra values close to each
other were obtained in both cutters. A smoother sur-
face on the ground is obtained by evacuating the chips
upwards of the Upcut milling cutter. The effect of the
cutters was minimized with the changes in the chemi-
cal composition of wood, leading to mass loss of tex-
ture in the heat-treated wood material.

The Ra value increases linearly as the stepover
increases in untreated specimens. The Ra value de-
creases inversely proportional to the increase in the
stepover in heat-treated specimens.

In the machining of untreated specimens, the Ra
value increases proportionally as the speed is increased
from 8000 rpm to 16000 rpm. In the machining of heat-
treated specimens, the Ra value decreases when the
speed is increased from 8000 rpm to 12000 rpm, and
the Ra value increases when the speed is increased
from 12000 rpm to 16000 rpm.

3.1 Surface roughness for Rz
3.1. Hrapavost povrSine za parametar Rz

Table 4 presents the results of analysis of vari-
ance for Rz.

50 75 100 8000 12000 16000 1000 1500 2000

1 1

Feed, mm/min
posmicna brzina, mm/min

Figure 6 Interactions of heat treatment, cutter type, stepover, spindle speed and feed in terms of Ra
Slika 6. Interakcije toplinske modifikacije, vrste glodala, koraka glodanja, brzine vretena i posmiéne brzine s parametrom Ra
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Table 4 Results of variance analysis (ANOVA) for Rz
Tablica 4. Rezultati analize varijance (ANOVA) za parametar Rz
Source / Izvor DF Adj SS Adj MS F Value P Value
Heat treatment / toplinska modifikacija 1 0.361 0.3608 0.06 0.801
Cutter type / vrsta glodala 1 6.606 6.6064 1.17 0.283
Stepover / korak preklopa, % 2 3.524 1.7622 0.31 0.733
Spindle speed, rpm / brzina vretena, okr./min 2 21.557 10.7784 1.90 0.155
Feed, mm/min / posmicna brzina, mm/min 2 42.703 21.3516 3.77 0.026
Error / pogreska 99 560.680 5.6634
Total / ukupno 107 635.432
ing to the main effect graph, the lowest Rz value on
average occurred in the heat-treated samples, cutter
type 1, 50 % stepover, 12000 rpm spindle speed, and

According to the results of variance analysis for
1000 mm/min feed when evaluated in general.

Figure 8 presents graphically the interactions of

Rz at 95 % confidence level, it was seen that heat treat-
heat treatment, cutter type, stepover, spindle speed and

ment (0.05 <P =0.801), cutter type (0.05 < P=0.283),
stepover (0.05 < P =0.733) and spindle speed (0.05 <
P =0.155) did not make a statistically significant dif-

ference, while feed (0.05 > P = 0.026) made a statisti-
feed in terms of Rz.
The heat treated and untreated samples gave sim-

ilar surface roughness values in both cutter types.
However, cutter 1 gave lower Rz values in both types
of samples. While the lowest Rz value was obtained at
a 50 % stepover rate in unheated samples, it was ob-
tained at a 100 % stepover rate in the heat-treated sam-
ples. When the stepover increased from 50 % to 100 %,
the Rz value of the untreated samples increased, and of
the heat-treated samples decreased. The Rz value in-
creases linearly when the number of revolutions is in-
creased from 8000 rpm to 16000 rpm in untreated sam-

ples. In heat-treated samples, the Rz value decreases
when the speed increases from 8000 rpm to 12000 rpm

cally significant difference (Table 4).
Figure 7 shows the interaction of heat treatment,

cutter type, stepover, spindle speed and feed in terms of

Rz in the main effect plot.

Lower Rz values were obtained in the heat-treat-
ed samples and the machining with cutter 1. Rz values
increased when the stepover was increased from 50 %

to 75 % and decreased when it was increased from 75
% to 100 %. In terms of Rz values, a decrease occurred
when the number of revolutions was increased from
8000 rpm to 12000 rpm, and an increase occurred
when it was increased from 12000 rpm to 16000 rpm.

Rz values increase proportionally as the feed is in-
Feed, mm/min

creased from 1000 mm/min to 2000 mm/min. Accord-
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Figure 7 Main effects plot of Rz in terms of heat treatment, cutter type, stepover, spindle speed and feed
Slika 7. Prikaz glavnih utjecaja na parametar Rz u smislu toplinske obrade, vrste glodala, koraka glodanja, brzine vretena i

posmicne brzine
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Figure 8 Interactions of heat treatment, cutter type, stepover, spindle speed and feed in terms of Rz
Slika 8. Interakcije toplinske modifikacije, vrste glodala, koraka glodanja, brzine vretena i posmi¢ne brzine s parametrom Rz

and increases when the speed is increased from 12000
rpm to 16000 rpm. In general, the surface roughness
increases as the feed increases in heat-treated and un-
treated samples. Low feed speeds (1000 mm/min) and
low percentages of stepover (50 %) are recommended
for a smoother surface.

4 CONCLUSIONS
4. ZAKLJUCAK

The summary of the general evaluation of rough-
ness values obtained is given below.

In untreated wood materials, it is recommended
to use low feed, upcut milling cutters due to the rema-
chining of the same surface at low depth: low lateral
step rate, low-speed parameters.

Lower Ra and Rz values were obtained on the
surfaces processed with an upcut milling cutter. Upcut
milling cutters push the chips upwards and thus ensure
an excellent finish on the bottom side of the wood and
wood-based material.

For low surface roughness values, a low stepover
rate is preferred for untreated materials, and a high ste-
pover rate is preferred for heat-treated materials.

It has been observed that the feed is the most
critical parameter affecting the surface roughness.

As the feed increases, the surface roughness val-
ues increase.

Surface roughness increases as the number of
revolutions increases in untreated samples.

In heat-treated samples, as the number of revolu-
tions increases in the 8000-12000 rpm range, the sur-
face roughness decreases, and its positive effect disap-

pears (probably caused by vibration in the CNC due to
high speed) after 12000 revolutions.
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ABSTRACT e The purpose of this study was to predict the adhesion strength of the varnish, which is applied as
a protective coating/finish on the surface of wooden material using soft computing models. In this study, the soft
computing approaches were applied to oak (Quercus Petrea L.), chestnut (Castanea sativa M.), and scotch pine
(Pinus sylvestris L.) with water-based, polyurethane, and acrylic varnishes. The adhesion strength of the varnish
was determined in accordance with the Turkish Standard Institute-24624 and ASTM D454 1. The outcome of the
experiment was used to develop artificial neural network (ANN) and fuzzy logic (FL) prediction models. The total
number of 360 data points was split as 80 % of training and 20 % of test for the model development. During the
application of the ANN, 6 features were used as an input, while the adhesion strength was used as an output of the
model. The coefficient of determination values (R?) for training and testing in the ANN models were 0.9939 and
0.9580, respectively. In the case of the ANFIS model, R’ values for training and testing were 0.9917 and 0.9929,
respectively. Considering the MAPE, RMSE, and R’ values obtained from the results of both training and test
values, it can be concluded that the ANFIS model showed a more successful performance in estimating varnish
adhesion strength. Therefore, ANN and ANFIS have the potential to provide time and cost-efficient benefits in
estimating wood adhesion strength.

KEYWORDS: artificial neural network, fuzzy logic, adhesion strength, wood, varnish

SAZETAK - Cilj ovog istrazivanja bio je uz pomo¢ modela mekog racunalstva predvidjeti adhezivnu ¢vrstocu
laka koji se nanosi kao zastitni premaz na povrsinu drvnog materijala. Pristup mekog racunalstva primijenjen
Jje na uzorcima hrastovine (Quercus Petrea L.), kestenovine (Castanea sativa M.) i borovine (Pinus sylvestris
L.) lakiranima vodenim poliuretanskim i vodenim akrilnim lakom. Adhezivna ¢vrstoca laka odredena je prema
normama TS EN 24624 i ASTM D4541. Rezultati istrazivanja iskoristeni su za razvoj modela predvidanja um-
Jetne neuronske mreze (ANN) i neizrazite logike (FL). Od ukupno 360 podatkovnih tocaka razvoja modela 80 %
njih upotrijebljeno je za trening, a 20 % za testiranje. Tijekom primjene ANN-a Sest je svojstava posluzilo kao
ulazna varijabla, dok je adhezivna ¢vrstoca primijenjena kao izlazna varijabla modela. Vrijednosti koeficijenta
determinacije (R’) za trening i testiranje u ANN modelima bile su 0,9939 i 0,9580. Pri primjeni ANFIS modela
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R? vrijednosti za trening i testiranje iznosile su 0,9917 i 0,9929. Uzimajuéi u obzir vrijednosti MAPE, RMSE i R,
dobivene iz rezultata treninga i testiranja, moguce je zakljuciti da se ANFIS model pokazao uspjesnijim u procjeni
adhezivne cvrstoce laka. Stoga se moze reci da modeli ANN i ANFIS mogu imati vremenske i troskovne prednosti

u procjeni adhezivne cvrstoce na drvu.

KLJUCNE RIJECI: umjetna neuronska mreza, neizrazita logika, adhezivna cvrstoca, drvo, lak

1 INTRODUCTION
1. UVOD

The wooden material is defined as an indoor nat-
ural reinforcement engineering material as it can be
processed and has high mechanical strength (Ozgenc et
al.,2022; Dongel et al., 2008; Hauptmann ef al., 2013).
Materials composed of wood are readily susceptible to
physical and mechanical effects. Therefore, to increase
the durability and aesthetics of the wooden material,
synthetic and natural-based varnishes and resins are
applied to the surface of the material (Kilig, 2009).
Moreover, the structure of the varnish and the hetero-
geneous property of the wooden material influence the
adhesion strength of the varnish layers (Vitosyte et al.,
2012; Marra, 1992). In the literature, there are several
types of research about the adhesion strength of the
varnish. According to the literature review, the adhe-
sion strength of the water-based varnish is low while
that of the polyurethane-based varnish is high (Vito-
syte et al., 2012; Marra, 1992; Sénmez et al., 2004).
Therefore, based on the previous research, the type of
varnish is considered an important factor affecting the
adhesion strength (Kili¢c and So6giitlii, 2020; Sogiitli et
al., 2016).

For that reason, the evaluation of the adhesion
strength is important in terms of the analysis of wood-
en material-based product life cycle. Moreover, the
adhesion strength is predicted using an artificial neu-
ral network (ANN) to decrease computation time and
save energy for experimental evaluations. ANN is one
of the artificial intelligence models used to solve
complex and non-linear problems. The ANN consists
of neurons and nodes that are activated by an activa-
tion function. Furthermore, the ANN can work with
multi-input and output variables and create a relation-
ship between non-linear parameters. The ANN is pre-
ferred rather than traditional statistical approaches
because it is widely used in various engineering fields
(Tiryaki et al., 2014b; Ozsahin, 2013; Paliwal and
Kumar, 2009). The ANNs and fuzzy logic (FL) have
high computation ability for regression analysis and
prediction compared to the traditional models (Kumar
and Thakur, 2012; Londhe and Deo, 2003). Previous
studies have developed the use of ANNs based on the
properties of wooden materials. Budakci and Akkus
(2011) provided an ANN model to evaluate the aver-
age adhesion strength of the wooden material and
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laminated flooring. Tiryaki et al. (2014b) presented
the ANN model for model surface roughness of wood
in the machining process. Ceylan (2008) expressed an
ANN model for the desiccation of wood, and Yang et
al. (2015) demonstrated an ANN model to show the
mechanical properties of heat-treated wooden mate-
rial. Tiryaki et al. (2016) applied multilayered net-
works to predict the bonding strength of the different
wooden materials. Bardak et al. (2016) estimated the
bonding of wood materials with ANN models at four
different temperatures depending on different press-
ing conditions. Tiryaki et al. (2014a) used different
temperatures with various wooden materials to esti-
mate the compression strength through the ANNSs.
However, Fuzzy Logic (FL) is widely used in house-
hold electrical appliances, industrial products, and
manufacturing engineering (Mendel, 1995). Accord-
ing to the previous studies, several types of research
have been implemented using FL. Yapic1 ef al. (2009)
presented an FL classification model to predict the
tensile strength and elastic modulus of the flakeboard.
Furthermore, Cha and Pearson, (1994) improved a
model to estimate the elastic module of the laminated
veneer lumber.

This study predicts the adhesion strength of dif-
ferent varnish types using ANN and FL models. During
the experiment, different variables were used for these
materials for the varnish adhesion strength test. In this
study, varnish adhesion strength was estimated using
ANN and ANFIS through data obtained in the experi-
ments. By using the developed ANN model and FL
methods, varnish adhesion strength was estimated, and
the models were compared with the regression method.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

In this study, three types of wooden material were
used for prediction models, namely scotch pine, chest-
nut and oak. According to the age period, both 100
years and new (young age) oak (Quercus Petrea L.),
chestnut (Castanea sativa M.) and scotch pine (Pinus
sylvestris L.) were selected as experimental materials.
After the material selection, water-based varnish, poly-
urethane, and acrylic varnish were applied to the sur-
face of the samples.
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Figure 1 Model of adhesion strength neural network
Slika 1. Model neuronske mreze adhezivne ¢vrstoce

2.2 Methods
2.2. Metode

2.2.1 Neural Networks
2.2.1. Neuronske mreze

Artificial intelligence (Al) is commonly used in
different engineering disciplines with different param-
eters to interpret the output (dependent) parameter(s).
In this study, commonly accepted artificial neural net-
works (ANN) and FL models were employed. Moreo-
ver, different models were implemented to predict the
adhesion strength with various input features such as
wood type, age period, cutting direction, varnish type,
weight, and density. The models were created in Mat-
lab R2016a software for predicting the adhesion
strength. As a result of the test process, the actual
(measured) values of adhesion strength and the pre-
dicted values were obtained and compared with each
other. The Mean Square Error (MSE), Mean Squared
Error (MSE) and Mean Absolute Percentage Error
(MAPE) were calculated according to Egs. 1-3 below.

RMSE = ’M—_F‘) (1)
n

MSE = ZI:I(A‘—_F‘) ©)
n

w |4 —F,
>
MAPE = —-100 (3)

Where 7 is the number of data, 4, is the actual
value, and F/is the predicted value.

In this study, feed-forward backprop, cascade
feed-forward backprop, elman backprop, layer recur-
rent and NARX neural networks were applied. Feed
neural networks and cascade feed-forward provided
significant regression results. Besides, the models were
trained as Traincgf, Trainlm and Trainrp. Using the K-
fold technique, the training dataset was divided into 5
groups, | of which was reserved for the test and rest for

Output / izlaz

- "> Adhezion strength, N/mm?

adhezivna évrstoéa, N/mm?2

D Bias / pristranost

X " u h Y v Yy
iz w I L | w 'm m

Hidden layer / skriveni sloj Output layere / izlazni sloj

Figure 2 Multilayered neural network with two neurons
Slika 2. Viseslojna neuronska mreza s dva neurona

the training, and the average of the performance values
obtained was taken.

ANN:Ss are inspired by the human brain sensorial
activities, and the sensorial neurons can be created by
computers (Hedayat et al., 2009). Figure 1 shows an
artificial neural network consisting of nodes, neurons,
and transfer functions.

Feedforward backprop neural networks include
an input layer, an output layer and one or more hidden
layers (Hedayat et al., 2009). According to the struc-
ture of the feed-forward neural network, the first layer
is the link to the entrance neuron and the forward neu-
rons are connected to the previous layer connections,
whereas the last layer is linked to the output. Figure 2
indicates the multilayered neural networks that consist
of a combination of the single-layer neural networks.

The output of the hidden layers in a multilayered
neural network is expressed in Eq. 1 (Hounmenou et
al.,2021).

P
u; = ZW; X 4)
i=1
Furthermore, the output is shown in Eq. 2.
L
Vo= Dwl-h, Q)
j=1

Where p is the number of input layers, / is the
number of hidden layers, and L is the number of data.

The structure of the Cascade-Feed Forward Neu-
ral Network (CFFNN) is similar to the feed-forward
neural network, and it is a type of supervised learning
algorithm (Hedayat er al., 2009). Moreover, the
CFFNN include the weight of each neuron connection
(Wadkar et al., 2021).

ANN models consist of 1 hidden layer and 32
neurons. Different neuron numbers were used in the
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ANN models until optimum results were obtained. The
reason for the application of the different number of
neurons is related to the black box of the neural net-
works. While creating the model in ANN, different
neuron numbers were obtained by trial and error to ob-
tain the best results. In the study, K-Folds cross valida-
tion technique was used to reduce the bias of the mod-
el, and the k value was determined as 5. This 5 different
test groups were created from the data set, with 20 % of
the tests. The data outside of 20 % for each group was
used as the training set. 5 different training and test sets
were created from the data set used for the experi-
ments. The test rate used was determined as 20 %. The
remaining 80 % was divided into two parts - with 25 %
validation and 75 % training. Validation set was ran-
domly selected from 80 % of each k cycle.

2.2.2 Fuzzy Logic
2.2.2. Neizrazita logika

The FL algorithm uses fuzzy outcomes from
rules with numerical and language datasets. The FL
performs a membership function for the language pro-
cess. Furthermore, fuzzy logic has two different ap-
proaches - Mamdani and Sugeno (Chen and Liou,
1999). Mamdani is widely used for FL algorithm be-
cause it provides fuzzification, fuzzy rules and defuzzi-
fication. The membership function is often used to rep-
resent linguistic terms. The membership function is
expressed as the closeness of the input values to the
membership degree. The membership value of the in-
put is used to determine fuzzy inference with rules.
When the membership value is 0, it indicates that the
fuzzy set is not a member, and when it is 1, it indicates
that it is a full member of the fuzzy set. Values between
0 and 1 represent the degree of membership in the
fuzzy set (Zhao and Bose, 2002). An Adaptive Neuro-
Fuzzy Inference System (ANFIS) is based on a combi-
nation of the FL and an artificial neural network. The
ANFIS model works with fuzzification and neural net-
work training ability to create rules for the dataset.

In this model, 80 % data were selected for train-
ing, and the remaining 20 % data was used for testing.
The data were randomly selected and used for training
and testing.

2.2.3 Preparation of samples
2.2.3. Priprema uzoraka

Each wood was cut radially and tangentially with
100 mm %100 mm %10 mm scales and 10 pieces, and the
360 total number of the experimental samples were pre-
pared as the type of wood (3), cutting direction (2), age
period (2), and varnish type (3). According to the (TS
EN-26624, 1996) and (ASTM D4541, 2009), the adhe-
sion strength of the varnish was measured using the
pneumatic adhesion equipment, as shown in Figure 3.
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Figure 3 Adhesion tester (Budakgi, 2006)
Slika 3. Uredaj za ispitivanje adhezije (Budakei, 2006)

Figure 4 Post-adhesion test of some samples
Slika 4. Prikaz uzoraka nakon ispitivanja adhezije

After the experiment, Figure 4 shows the results
of adhesion strength of varnish layers.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Adhesion Test Results
3.1. Rezultati ispitivanja adhezije

Table 1 presents the results of the pneumatic ad-
hesion test equipment for the “F; Fresh and NA; Natu-
ral aged” wood type and their statistical outcomes.

According to Table 1, the adhesion strength val-
ues show different results based on the wood type, age
period, cutting direction and type of varnish. The re-
sults were evaluated to check the result reliability using
analysis of variance through MSTAT-C with a 95 %
confidence interval. Table 2 illustrates the results of
analysis of variance.

According to the results of the analysis of vari-
ance, the age period is statistically insignificant. The
interaction between wood species age and period-sec-
tion direction was insignificant. It can be seen that the
interaction of cross-section direction and varnish type
is not effective on adhesion strength (p=0.05).
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Table 1 Results of adhesion strength after the experiment
Tablica 1. Rezultati adhezivne ¢vrstoce

Wood type/ Water-based / Vodeni lak Polyurethane / Poliuretanski lak Acrylic / Akrilni lak
Age period Radial Tangential Radial Tangential Radial Tangential
Vista drva / _ _ _ _ _ _
X s X s X S X S X s X s
starost
Fscotehpine 1y 340 | 046 | 1939 | 0.54 | 3.101 | 050 | 3.642 | 0.80 | 2995 | 070 | 2.570 | 0.88
F. borovina
NA. scotch pine
. 1.234 | 0.60 | 1.318 | 0.18 | 3.529 | 0.77 | 3.257 | 0.68 | 2.702 | 0.71 | 2.342 | 0.65
NA borovina
F. oak . 1.068 | 0.25 | 0953 | 0.13 | 3.239 | 0.82 | 3951 | 0.82 | 4.694 | 090 | 5.150 | 0.96
F. hrastovina
NA. oak
. 1.177 | 0.37 | 0959 | 0.16 | 5228 | 1.24 | 4525 | 092 | 3.832 | 0.71 | 3.517 | 0.52
NA. hrastovina
I chestnut 1352 | 032 | 1.783 | 040 | 3.816 | 1.11 | 4522 | 1.01 | 3738 | 0.66 | 4725 | 1.07
F. kestenovina
NA-chestnut |y )59 | 049 | 1.056 | 024 | 4385 | 111 | 4650 | 101 | 3.873 | 0.69 | 4903 | 1.1
NA. kestenovina
X — Arithmetic averages, s — Standard deviation, F — fresh, NA — Natural aged
X- aritmeticke sredine, s — standardna devijacija, F — svjeze drvo, NA — prirodno ostarjelo drvo
Table 2 Variance results of adhesion strength
Tablica 2. Rezultati varijance za adhezivnu ¢vrsto¢u
Degree of
<. .. Independence | Sum of Squares Mean. of S'('luares F Values
Factors / Cimbenici . . Srednja vrijednost . P
Stupanj Zbroj kvadrata F-vrijednost
. . kvadrata
neovisnosti
Wood type (A) 2 50.206 25.103 45.9771 0.0000*
vrsta drva (4)
Age period (B)
starost drva (B) 1 0.089 0.089 0.1638 NS
Interaction (AB) -
interakcija (AB) 2 1.322 0.661 1.2107 0.2993
Cross-section (C) 1 2.395 2.395 43857 0.0370*
presjek (C)
Interaction (AC) *
interakcija (AC) 2 4915 2.457 4.5009 0.0118
Interaction (BC) N
interakcija (BC) 1 6.529 6.529 11.9581 0.0006
Interaction (ABC)
interakcija (ABC) 2 0.567 0.284 0.5197 NS
Varnish type (D) 2 542.640 271.320 496.9330 0.0000*
vrsta laka (D)
Interaction (AD) %
interakeija (AD) 4 50.601 12.650 23.1693 0.0000
Interaction (BD) "
interakcija (BD) 2 18.335 9.168 16.7907 0.0000
Interaction (ABD) "
interakcija (ABD) 4 18.542 4.635 8.4901 0.0000
Interaction (CD)
interakija (CD) 2 0.264 0.132 0.2417 NS
Interaction (ACD) «
interakeija (ACD) 4 7.188 1.797 3.2913 0.0115
Interaction (BCD) -
interakcija (BCD) 2 2.312 1.156 2.1173 0.1220
Interaction (ABCD)
interakcija (ABCD) 4 1.691 0.423 0.7742 NS
Error / pogreska 324 176.901 0.546
Sum / zbroj 359 884.497

* — Difference is significantly based on (p<0.05). / razlika je znacajna pri p<0,05
** — Difference is insignificantly based on (p>0.05) / razlika nije znacajna pri p>0,05

NS (Nonsignificant) — Insignificant / nije znacajno
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Figure 5 Relationship between FFNN-LM model with actual and predicted adhesion strength (a) and model MSE perfor-

mance (b)

Slika 5. Odnos izmedu FFNN-LM modela sa stvarnom i s predvidenom adhezivnom ¢vrstoom (a) te MSE svojstva modela (b)

3.2 Soft computing models for adhesion

strength

Modeli mekog racunalstva za adhezivnu

cvrstocu

3.2.1 Feed forward backprop ANN (FFNN)

3.2.1. Aciklicna umjetna neuronska mreza s
propagacijom unatrag

3.2.

In this model, a training algorithm was used
based on a Levenberg-Marquardt (LM) optimization
with updating weight and standard deviation of the val-
ues. Although the LM provides the fastest backpropa-
gation, it needs high memory for the process. Accord-
ing to the outcome of the LM algorithm, the best results
were obtained with 32 hidden neurons. Figure 5(a)
shows the model providing R*=0.9811 and R*=0.9559
coefficients of determination for the training and test,
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respectively. In this model, the ratio of the vector was
divided 0.8 for training and 0.2 for testing. Figure 5(b)
shows that the model with the best performance and
the lowest error rate obtained using the K-Fold tech-
nique was achieved with 6 epochs.

Moreover, two hidden layers FFNN backpropa-
gation algorithms were applied with 10 hidden nodes
in Layer 1 and 32 hidden nodes in Layer 2. Figure 6(a)
demonstrates that the FFNN-Rprop had an R>=0.9775
coefficient of determination for training and an
R?>=0.9700 coefficient of determination for testing. In
this model, the ratio of the vector was divided into 0.6
for training, 0.2 for validation, 0.2 for testing. Figure
6(b) shows that the model with the best performance
and the lowest error rate, obtained using the K-Fold
technique, was achieved with 45 epochs.
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Figure 6 Relationship between FFNN-Rprop model with actual and predicted adhesion strength (a) and model MSE

performance (b)

Slika 6. Odnos izmedu FFNN-Rprop modela sa stvarnom i s predvidenom adhezivnom ¢vrsto¢om (a) te MSE svojstva

modela (b)

3.2.2 Cascade-feed forward neural
network (CFFNN)

3.2.2. Kaskadna aciklicna neuronska mreza

CFFNN-LM model for prediction of adhesion
strength consists of 2 layers and 32 hidden neurons.
The outcome of the model is shown in Figure 7(a) The
CFFNN-LM provided R*>=0.9808 and R>=0.9601 coef-
ficients of determination for training and test, respec-
tively. In CFFNN-LM model, the ratio of the vector
was divided into 0.8 for training and 0.2 for testing.
Figure 7(b) shows that the model with the best perfor-
mance and the lowest error rate, obtained using the K-
Fold technique, was achieved with 12 epochs.

A series of neural networks were used until the
number of neurons in the hidden layer reached the min-
imum mean square error (MSFE) of the output. Consid-

ering the predicted results among the proposed ANN
models, MSE 0.046, RMSE 0.215 and MAPE 4.83 %
showed the best performance in the FFNN-LM model.

3.2.3 Fuzzy inference systems
3.2.3. Sustavi neizrazitog zakljucCivanja

To obtain the FL model, wood type, cutting direc-
tion and type of varnish were used as inputs. The mod-
el is illustrated in Figure 8. Fuzzification is applied to
the input parameters to train the proposed model. After
applying fuzzification, 18 different rules were ob-
tained. After obtaining the table of rules, the output
was acquired using defuzzification.

Figure 9 presents the adhesion strength related to
the varnish and wood type.

W) DRVNA INDUSTRIJA 74 (2) 153-166 (2023) 159



Karaman, Kilig, S6gitlt: Prediction of Adhesion Strength of Some Varnishes Using Soft Computing Models

CFNN-LM-Testing

R*=0.973

Actual adhesion strength, N/mm?
stvarna adhezivna ¢vrstoéa, N/mm?
w

0 2 4 6

Prediction adhesion strength, N/mm?
predvidena adhezivna évrstoéa, N/mm?

a)
Best Validation Performance is 0.043772 at epoch 6

= Train

Validation
— Tast
Best

Mean squared error (MSE)
srednja kvadratna pogreska (MSE)

102 L ; L L : i

12 Epochs / 12 epoha
b)
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Slika 7. Odnos izmedu CFFNN-LM modela sa stvarnom i s predvidenom adhezivnom ¢vrsto¢om (a) te MSE svojstva
modela (b)
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Figure 8 FIS model for adhesion strength
Slika 8. FIS model za adhezivnu ¢vrstocu
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Slika 9. FIS izgled povrSine za ulaze i adhezivnu ¢vrsto¢u
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Figure 10 FIS rules for 3 inputs and 1 output
Slika 10. FIS pravila za tri ulaza i jedan izlaz

Furthermore, Figure 10 illustrates the feature im-
portance of the input parameters with the FIS surface
map.

3.2.4 Adaptive neuro-fuzzy inference
system (ANFIS)

3.2.4. Prilagodljivi sustav neuro-neizrazitog
zakljuCivanja

The ANFIS consists of 6 different layers that are
input, rules, normalization, member, defuzzification
and output layers, respectively. The ANFIS model in-
put values were used with wood type, age period, di-

rection section, varnish type, density and weight of
adhesion strength. Figure 11 shows the adhesion
strength changing with wood type, varnish type and
cutting direction through the ANFIS model.

A total of 360 data points were split as 80 % for
training and 20 % for testing in the ANFIS model. Fig-
ure 12 and 13 show the results of the ANFIS model, the
proposed model had R?>=0.9917 and R*=0.9929 coeffi-
cients of determination for training and test results.

Moreover, the ANFIS can provide feature impor-
tance using an FL surface map. Figure 14 shows im-
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Figure 11 ANFIS surface view for inputs and adhesion strength
Slika 11. ANFIS izgled povrsine za ulaze i adhezivnu ¢vrstoéu

ANFIS-Training Regression
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Figure 12 Relationship between actual and predicted adhesion strength by ANFIS model for training
Slika 12. Odnos izmedu stvarne i predvidene adhezivne ¢vrsto¢e u ANFIS modelu za trening

portant features for predicting adhesion strength. In
this model, wood type, age period, cross-section direc-
tion, varnish type, density and weight showed high im-
portance for the prediction of the varnish adhesion
strength.

Furthermore, Figure 15 presents 324 rules for the
ANFIS model with 6 inputs and 3 Gaussian values.
This figure shows the consistency of the varnish adhe-
sion strength with the actual value and the estimated
FIS values.

Triangle, sigmoid, and Gaussian membership
functions are generally used in fuzzy logic applications
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and the functions are associated with the cause and ef-
fect of the rules. These membership functions take val-
ues in the range from 0 to 1 and the corresponding
number in this range represents the membership func-
tion. In this study, Gaussian was used to determine
membership functions. Figure 16 and 17 demonstrate
the comparison of the ANN and ANFIS models, in
terms of the training and test. It has been determined
that the predicted results are very close to the real val-
ues. Although the CFNN model diverges from the real
values, it can be noticed that all models give optimum
results.
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ANFIS-Testing Regression
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Figure 13 Relationship between actual and predicted adhesion strength by ANFIS model for testing
Slika 13. Odnos izmedu stvarne i predvidene adhezivne ¢vrstoée u ANFIS modelu za testiranje
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Figure 15 ANFIS rules for 6 inputs and 1 output
Slika 15. ANFIS pravila za Sest ulaza i jedan izlaz
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Figure 16 Comparing ANN and ANFIS values with actual values (training)
Slika 16. Usporedba ANN i ANFIS vrijednosti sa stvarnim vrijednostima (treninga)
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Figure 17 Comparing ANN and ANFIS values with actual values (testing)
Slika 17. Usporedba ANN i ANFIS vrijednosti sa stvarnim vrijednostima (testiranja)

Table 3 presents the training and testing evalua-
tion results in ANN and ANFIS, with determination
coefficient (R?), Mean Square Error (MSE), Mean Ab-
solute Percentage Error (MAPE) and Root Mean
Square Error (RMSE). In this table, MSE, MAPE and
RMSE values give the average results of 5 different
groups with the K-Fold technique. In addition, the de-

termination coefficent values were added to the best
results obtained.

Tiryaki et al. (2016) predicted the bond strength
of solid wood exposed to heat treatment using ANN. In
this model, as a result of testing, they found the RMSE
value of 0.217 and the MAPE value of 6.253 %. In this
study, Anfis testing RMSE and MAPE values were low-

Table 3 Results of performance evaluation criteria for ANNs and ANFIS models
Tablica 3. Rezultati kriterija ocjenjivanja uspjesnosti za modele ANN i ANFIS

Modelling R? MSE RMSE MAPE, %
FFNN-LM(training) 0.9811 0.1406" 0.315 7.65"
FFNN-LM(testing) 0.9559 0.1806" 0.4096" 9.586"
FFENN- Rprop (training) 0.9775 0.068" 0.2552" 8.024"
FFNN- Prop (testing) 0.9700 0.1584" 0.3782" 9.938"
CFFNN-LM (training) 0.9808 0.0422" 0.196 5.454
CFFNN-LM (testing) 0.9730 0.158" 0.3808" 9.672"
Anfis (training) 0.9917 0.004 0.064 2.22
Anfis (testing) 0.9929 0.014 0.12 3.60

*5 test group average values / srednje vrijednosti pet ispitnih grupa
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er. Esteban et al. (2009) predicted the bond strength of
particle boards using ANN thickness, density, mois-
ture, swelling and absorption. In this study, the test re-
sults were MAPE 7.86 %, while the R? value was 0.85.
In our study, on the other hand, higher MAPE values
were obtained in all models with R? values and a better
MAPE result was obtained in Anfis models.

4 CONCLUSIONS
4. ZAKLJUCAK

Due to the heterogeneous properties of the wood-
en materials, the prediction of the adhesion strength is
an important area of research in wood industry. In this
research, the adhesion strength was predicted using
ANN, FL and ANFIS. According to the proposed mod-
el results:

o FFNN, CFNN, FIS and ANFIS were used to predict
the adhesion strength.

e The best estimate of adhesion strength in the ANN
models was obtained for 32 neurons.

e In ANN-based models, TrainLM and TrainRp pro-
vided reasonable results compared to TrainCFG.

e The coefficient of determination values in the AN-
FIS model was obtained by creating 324 rules using
the Gauss membership function. Additionally, test-
ing in the ANFIS model showed the highest coeffi-
cient of determination in estimating adhesion
strength. In this model, the results of MAPE 2.22 %
(training) and 3.60 % (testing) seem to be a reason-
able result. Additionally, RMSE and MSE results
indicate that fuzzy logic can be applied in this area.

e The ANN model provided significant results for tan-
gensoidal function in the Levemberg Marquardt al-
gorithm.

e In the ANN models, the lowest MAPE value was
5.45 % in the FFNN training data, while the RMSE
value was 0.196.

e The ANFIS model was used for the first time in the
wood industry field in estimating varnish adhesion
strength. The model was successful in performance
predictions in both training and testing.

This result shows that artificial intelligence mod-
els can be improved using high-dimensional datasets in
the future. Moreover, the life span of the wooden mate-
rial can be increased, while decreasing the processing
time for wooden material. Furthermore, the combina-
tion of the different artificial intelligence models can
increase the prediction accuracy of the adhesion
strength.
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ABSTRACT ¢ The evaluation of wooden toys is a complicated process and can be overwhelming for decision-
makers in the presence of many conflicting criteria. Hence, this study proposes a fuzzy decision-making model
to identify and prioritize the key attributes of wooden toys. For this purpose, the interval-valued spherical fuzzy
analytic hierarchy process (AHP), which is one of the fuzzy multicriteria decision-making methods, is applied to
obtain weight vectors. Firstly, the wooden toy evaluation problem is formulated as a multicriteria decision-making
problem. Then five main criteria and twenty subcriteria are defined with the help of experts. The decision-making
team carries out the pairwise comparisons of the criteria. As a result, the priority weights are computed and the
ranking order of the criteria is revealed. Additionally, the validity of the obtained results is supported by conduct-
ing a comparative analysis between other popular fuzzy methods: interval type-2 fuzzy AHP, interval-valued Py-
thagorean fuzzy AHP, and spherical fuzzy AHP. According to the modeling results, the most important criteria are
“absence of small parts and sharp edges”, ‘‘free of harmful wood preservatives and paints”, “workmanship qual-
ity”, “contribution to psychomotor development”, and “contribution to cognitive development”. The proposed
framework can be adapted to similar decision processes for the evaluation or improvement of toys. Consequently,
the findings of this research will help manufacturers, designers, and consumers in making conscious decisions.

KEYWORDS: analytic hierarchy process, expert perspective, fuzzy logic, multicriteria decision-making, wood-
en toy

SAZETAK ¢ Ocjenjivanje drvenih igracaka slozZen je proces i za donositelje odluka moze biti vrlo tezak ako posto-
Jji mnogo proturjecnih kriterija. Stoga je u ovom istrazivanju predlozen neizraziti model donosenja odluka za pre-
poznavanje i odredivanje kljucnih svojstava drvenih igracaka. Pritom je za dobivanje pondera primijenjen sferni
neizraziti analiticki hijerarhijski proces (AHP), koji je jedna od neizrazitih visekriterijskih metoda odlucivanja.
Problem vrednovanja drvene igracke najprije je formuliran kao visestruki problem odlucivanja. Zatim je uz pomo¢
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strucnjaka definirano pet glavnih kriterija i 20 potkriterija. Tim za donoSenje odluka proveo je usporedbu kriterija
u parovima. Kao rezultat toga izracunani su ponderi prioriteta i definiran redoslijed kriterija. Komparativnom
analizom dodatno je provedena provjera rezultata s rezultatima dobivenim drugim dvjema popularnim neizrazitim
metodama: intervalnim tip 2 neizrazitim AHP-om i Pitagorinim neizrazitim AHP-om s intervalnim vrijednostima.
Prema rezultatima modeliranja, najvaznijim su se pokazali kriteriji ,,bez sitnih dijelova i oStrih rubova”, , bez
Stetnih premaznih materijala”, ,, kvaliteta izrade”, ,, doprinos psihomotorickom razvoju’ i ,,doprinos kognitivnom
razvoju”. Predoceni se okvir moze prilagoditi za slicne procese odlucivanja u ocjenjivanju i poboljsanju igracaka.
Slijedom toga, rezultati ovog istraZivanja pomoci ce proizvodacima, dizajnerima i korisnicima igracaka u dono-
Senju ispravnih odluka.

KLJUCNE RIJECI: analiticki hijerarhijski proces, strucna perspektiva, neizrazita logika, visestruko odlucivanje,

drvena igracka

1 INTRODUCTION
1. UVOD

Toys can be defined as products designed for use
in learning or playing by children. Symbolic play ma-
terials, manipulative toys, art and craft materials, prob-
lem-solving toys, and cause-and-effect toys are some
of these products. A wide variety of raw materials are
used for the manufacture of toys. Wood is one of the
most popular raw materials owing to its safety aspects,
aesthetic appearance, and durability (Mercan, 2018).

The unique characteristics of wood have consid-
erably contributed to the increase in demand for wood-
en toys. The purchasing process consists of four main
stages: (i) need (problem) recognition, (ii) information
retrieval, (iii) alternative evaluation, and (iv) final deci-
sion (Oblak et al., 2017). Evaluating wooden toys can
be a confusing experience because alternatives need to
be evaluated against many conflicting criteria. Deci-
sion-makers may be subjective and uncertain about
their preference levels owing to incomplete informa-
tion. Hence, selection criteria should be analyzed for
the unbiased assessment of alternatives.

Although the need for research on the weighting of
toy attributes is acknowledged, the number of studies
focusing on this topic is insufficient. According to Fal-
lon and Harris (1989), the most important attributes are
safety and teaching new skills. Duracell (2005) has elu-
cidated that costs, product quality, and children’s desires
possess substantial influences on toy selection decisions.
Al Kurdi (2017) has reported that safety, durability, flex-
ibility, and product category affect the decision-making
process. Scherer et al. (2017) have employed the con-
joint analysis technique to analyze the key attributes of
bio-based sand toys. According to the researchers, the
most important attribute is toy price. Richards et al.
(2020) have reported that consumers give more impor-
tance to the educational qualities of toys. Mai (2021) has
detected that the most important factors influencing the
selection of green toys are design, material reliability,
and the degree of environmental friendliness.

The importance of product selection criteria is
not identical in decision-making problems. In order to
obtain reliable and informative results, the opinions of
different experts should be gathered and modeled
through a scientific technique (Singer and Ozsahin,

Identification of
decision-makers
odabir donositelja odluka

=N

Determination of criteria
utvrdivanje kriterija

Identification of alternatives
utvrdivanje alternativa

2

T

Evaluation of each
alternative
evaluacija svake alternative

@

Comparison of each
criterion
usporedba kriterija

Selection of suitable
MCDM methods
odabir odgovarajuce
MCDM metode

s

<

MCDM analysis
MCDM analiza
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Sensitivity analysis
analiza osjetljivosti

Final decision
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>

Figure 1 MCDM process
Slika 1. Proces visekriterijskog odlu¢ivanja
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2021). One of the most popular scientific techniques is
multicriteria decision-making (MCDM). This tech-
nique analyzes complex decision situations and pro-
cesses by various decision support tools. The principal
purposes of the MCDM technique are to prioritize mul-
tiple conflicting criteria and to choose the best alterna-
tive from a candidate set based on comparison matri-
ces. Figure 1 illustrates the main procedure of MCDM
models (Kim and Chung, 2013).

There are several weighting methods for MCDM.
The analytic hierarchy process (AHP) usually displays
more practical and significant properties than the oth-
ers. The popularity of the AHP method can be attrib-
uted to its simplicity, ease of use, flexibility, hierarchi-
cal structure, and consistency tests (Alelaiwi, 2019).
This method assesses the relative importance of deci-
sion elements by employing a 1-9 discrete scale. Pair-
wise comparison matrices are created and analyzed to
obtain weight vectors. When conducting AHP mode-
ling in practice, performance ratings can lead to unreal-
istic and misleading impressions. Decision-makers
cannot assign precise scores to comparison judgments
owing to the complexity of decision problems, the sub-
jectivity of some criteria, and the limitation of thinking
(Kar, 2015; Shameem et al., 2020). The fuzzy set theo-
ry can express and treat uncertain situations. Hence,
the fuzzy AHP approach is more useful for modeling
the vague thoughts of respondents and reasoning the
quantitative degree of each decision element (Ashtiani
and Abdollahi Azgomi, 2015; Mahjouri et al., 2017).

The fuzzy set theory considers approximate rea-
soning to facilitate decision-making. The relative sig-
nificance of criteria and the suitability of alternatives
are represented via linguistic labels and fuzzy num-
bers. Fuzzy conclusions are transformed into crisp val-
ues to sort or rank decision elements (Balogun et al.,
2015). The standard fuzzy set assigns one membership
point from the interval [0, 1] to each element. In hesi-
tant decision situations, membership degrees can be
inadequate in describing the statements of respondents
(Wang and Li, 2018). Therefore, different fuzzy theo-
ries have been proposed in the literature. The spherical
fuzzy set is one of the recent fuzzy extensions address-
ing the membership, non-membership, and hesitancy
degrees of elements. This fuzzy set offers flexibility in
generating the priorities of criteria and alternatives un-
der the indefinite environment (Ashraf and Abdullah,
2020; Gil, 2020). Hence, the AHP method has been
updated with the spherical fuzzy set to obtain robust
results against uncertainties.

The spherical fuzzy AHP method has brought new
insights into the solution of many problems such as re-
newable energy location selection (Kutlu Giindogdu and
Kahraman, 2020), manufacturing system selection
(Mathew et al., 2020), prioritization of laminate flooring

selection criteria (Singer and Ozsahin, 2021), Covid-19
crisis management (Demir and Turan, 2021), and sus-
tainable supplier selection (Unal and Temur, 2022). In-
terval-valued approaches take into account more uncer-
tain information (Srinivas and Singh, 2018; Song et al.,
2019). Hence, the present study utilizes the interval-val-
ued spherical fuzzy AHP method. Several decision prob-
lems such as hospital performance assessment (Kutlu
Giindogdu and Kahraman, 2021), transportation system
evaluation (Duleba et al., 2021), and financial account-
ing fraud detection (Hamal and Senvar, 2022) have been
solved by this method. The results have demonstrated
that the interval-valued spherical fuzzy AHP excellently
expresses human preferences.

The consequences of wooden toy selection deci-
sions affect children. Hence, it is necessary to weigh up
evaluation factors before making such decisions. To
the best of our knowledge, wooden toy selection crite-
ria have not been explored and analyzed in any other
study. Therefore, the objectives of the current study are
to identify the key attributes of wooden toys, to analyze
each attribute from experts’ perspectives, and to bridge
the knowledge gap by employing the interval-valued
spherical fuzzy AHP method. This paper provides dif-
ferent viewpoints because the evaluation of wooden
toys is considered a complex MCDM problem and the
application of the proposed method is new in the field
of wood science.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Interval-valued spherical fuzzy set
2.1. Sferni neizraziti skup s intervalnim
vrijednostima

The spherical fuzzy set is an extension of the pre-
vious fuzzy sets (Figure 2). This new extension con-
sists of membership, non-membership, and hesitancy
functions (Kutlu Gundogdu and Kahraman, 2019). The
interval-valued spherical fuzzy set is more effective in
coping with uncertainties and gives the advantage to
model the opinions of different decision-makers. This
fuzzy set is defined by Eq. 1 (Balin, 2020).

5= {x, (1 ()" (D () ()
} (1)

M
i (3) (3)ve X

L (). (X)) D (x)v" (x)) - and [7 (x). 77 (x)]
are the lower (—) and upper (+) limits of membership,
non-membership, and hesitancy, respectively. The
squared sum of i+ (x), v+ (x), and 7, + (x) is between
0 and 1. The following equations are used to calculate

refusal degrees (Kutlu Giindogdu and Kahraman,
2021):
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Spherical fuzzy set

Figure 2 Geometrical interpretation of spherical fuzzy set
Slika 2. Geometrijski prikaz sfernoga neizrazitog skupa
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The basic algebraic operations on §, and §, num-
bers are elucidated below (Duleba et al., 2021).
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Pythagorean fuzzy set
Neutrosophic fuzzy set

Intuitionistic fuzzy set

2.2 Interval-valued spherical fuzzy analytic
hierarchy process

2.2. Sferni neizraziti analitiCki hijerarhijski
proces s intervalnim vrijednostima

The AHP method is used to analyze complex deci-
sion situations and processes. The procedure of this
method starts by structuring any problem in a hierarchal
manner. The AHP schema comprises objectives (peak
level), criteria (intermediate level), and alternatives (bot-
tom level) (Figure 3) (Singer and Ozsahin, 2022).

The elements of the same level are compared by
employing a nine-point scale. Decision-makers’ judg-
ments are transferred to pairwise comparison matrices.
The inconsistency level of each matrix is estimated
through consistency indices. Once the performance
scores of decision elements are divided by column
sums, the row averages of final matrices are taken to
obtain weights and priority orders (Ahammed and
Azeem, 2013; Ozsahin et al., 2019).

The conventional AHP method uses crisp num-
bers for pairwise comparisons. However, precise
scores may be improper or insufficient due to the in-
evitable uncertainty in the decision-making process.
Fuzzy approaches effectively reflect the vagueness of
human thinking through a set of possible values (Dozi¢
et al., 2018; Shameem et al., 2020). In this study, the
interval-valued spherical fuzzy AHP method is used as
a linguistic preference measurement tool. The steps of
this method can be expressed as follows (Kutlu
Gilindogdu and Kahraman, 2021):

Step 1: Pairwise comparison matrices are created
based on the linguistic evaluations of decision-makers
using the scale given in Table 1.

an an ... Qu
a a .oa
D — 21 22 2n (8)
_anl anZ ann_

where n refers to the number of criteria and a, is an
interval-valued spherical fuzzy number representing
the relative importance between criteria.
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Figure 3 A multilevel decision hierarchy
Slika 3. Hijerarhija visekriterijskog odlu¢ivanja

Table 1 Fuzzy rating scale
Tablica 1. Neizrazita ljestvica ocjenjivanja

Aoy Interval-valued spherical fuzzy number | Score index
Linguistic term

apsolutno visoka vaznost (AMI)

. . Sferni neizraziti broj s intervalnim Indeks
Lingvisticki termin - .
vrijednostima rezultata
Absolutely more importance (AMI) ([0.85,0.95],[0.10,0.15],[0.05,0.15]) 9

random consistency is the mean consistency index of

The random consistency values proposed by Saaty

[ [ [

Very high importance (VHI) / vrilo velika vaznost (VHI) ([0.75,0.851,[0.15,0.201,[0.15,0.20]) 7
High importance (HI) / velika vaznost (HI) ([0.65,0.751,[0.20,0.251,[0.20,0.257) 5
Slightly more importance (SMI) / nesto veca vaznost (SMI) ([0.55,0.651,[0.25,0.301,[0.25,0.307) 3
Equal importance (EI) / jednaka vaznost (EI) (10.50,0.55],[0.45,0.551,[0.30,0.40]) 1
Slightly low importance (SLI) / neznatno niza vaznost (SLI) ([0.25,0.301,[0.55,0.651,[0.25,0.307) 1/3
Low importance (LI) / niska vaznost (L) ([0.20,0.251,[0.65,0.75],[0.20,0.25]) 1/5
Very low importance (VLI) / vrlo niska vaznost (VLI) ([0.15,0.201,[0.75,0.85],[0.15,0.207) 1/7
Absolutely low importance (ALI)

apsoluino niska vaznost (AL) ([0.10,0.15],[0.85,0.95],[0.05,0.15]) 1/9

Step 2: Score indices are assigned to pairwise Step 3: Fuzzy weights are calculated using the
comparisons to apply the AHP consistency test. Re-  following equation:
spondents’ judgments are checked using Eq. 9. Con-
sistency ratios under 0.10 indicate that comparison re- 0 Lw)
sults are acceptable. (1_1;[(1—(#1- ) j S o
(/,i’max B }’l) /2 ’|:H(vi_)uy ’H(V:)w’ :|’
- o L2\ i=1 i=1
consistency ratio = n—l - ) (I_H(l_ ) ) ]
random consistency W= . (10)
" ‘ 1/2
Here, 4,,,, is the largest eigenvalue of matrix D and (H(l @) -T10-w )y =) ] ,
i=1 i=1

i=1 i=1

n n 1/2
randomly generated matrices (Stein and Mizzi, 2007). (H(l_( #:)z)w B H(l_( 1Y —( ”:)z)w,J

(1977) for different values of # can be seen in Table 2. where w = 1/n

Table 2 Random consistency index
Tablica 2. Indeks slucajne konzistencije

n 1 2 3 4 5 6 7 8 9 10

Random consistency value
Indeks slucajne konzistencije

0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
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Step 4: Fuzzy conclusions are defuzzied accord-
ing to Eq. 11.

S(m):(ﬂ)2+(ﬂ*)2—(v)2—(;*)2—(”/2)2—(”*/2)2+1 (an

Step 5: Crisp weights are obtained using Eq. 12.

s(m)

w=—— (12)

S s(w)

2.3 Decision framework
2.3. Okvir za odlucivanje

In the present study, the key attributes of wooden
toys are analyzed by employing an expert knowledge-
based decision-making approach. The research meth-
odology comprises three main stages. In the first stage,
the most important criteria are identified based on lit-
erature research and expert interviews. Then an inter-
val-valued spherical fuzzy AHP-based model is de-
vised to obtain weight vectors. In the last stage, the
prioritization procedure is initiated to determine the
importance of each criterion. The steps of this study are
shown in Figure 4.

The expert team is comprised of practitioners and
academicians in Turkey. The experts are selected by
considering their experience, knowledge, and pub-
lished record on the research topic. Several criteria are
discovered from the literature (Fallon and Harris, 1989;
Duracell, 2005; Al Kurdi, 2017; Scherer et al., 2017;
Mercan, 2018; Richards et al., 2020; Mai, 2021). The
list of criteria is refined and expanded by the experts.
The hierarchy is structured with one objective, five
main criteria, and twenty subcriteria. The hierarchical
structure of the problem is portrayed in Figure 5. The
objective of the decision-making process is elucidated
at the top level of the hierarchy, while the main criteria
and their subcriteria are listed at the middle and bottom
levels, respectively.

The main criteria of the problem are “economic
properties”, “developmental supports”, “quality prop-
erties”, “safety properties”, and “functional proper-
ties”. The subcriteria of “economic properties” are
identified as “affordability”, “longevity”, “minimum
coating requirement”, and “product origin”. The sub-
criteria of “developmental supports” are determined as

CEINT3

“contribution to cognitive development”, “contribution

CEINT3

to psychomotor development”, “contribution to social-

Step 1.  Identifying the objective of the decision process / utvrdivanje cilja
procesa odlucivanja
- = Step 2. Creating the expert team / stvaranje strucnog tima
- _ % - "§ Step 3.  Identifying the most important selection criteria / utvrdivanje
: % 2 8 § najvaznijih kriterija odabira
- z 53
&l = g & § Step 4.  Constructing the decision hierarchy / konstruiranje hijerarhije
© ~ odlucivanja
Step 5. Selecting the fuzzy rating scale / odabir neizrazite ljestvice ocjenjivanja
Step 1. Creating the pairwise comparison matrices / stvaranje parnih
usporednih matrica
Ag :; Step 2.  Consistency verification / provjera dosljednosti
s g Step 3. Calculating the fuzzy weight of each criterion / izracunavanje
< h=REN 3 neizrazitih pondera za svaki kriterij
[=EE S T
g % E § Step 4. Defuzzitying the spherical weights / defuzifikacija sfernih pondera
g ﬁg Step 5.  Determining the global weight of each criterion / odredivanje globalnih
S N ondera za svaki kriterij
= Q P y
Step 1. Prioritization of the criteria according to the local weights / odredivanje
§ prioritetnih kriterija prema lokalnim ponderima
S B Step 2. Prioritization of the subcriteria according to the global weights
2 é o % odredivanje prioritetnih kriterija prema globalnim ponderima
% g § '§\ Step 3.  Comparative analysis / komparativna analiza
E % Step 4. Finalizing the prioritization process / zavrSetak procesa odredivanja prioriteta
%
Q

(

Figure 4 Steps of this study
Slika 4. Koraci u ovom istrazivanju
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Level 2: Main criteria
Razina 2. Glavni kriteriji

Level 1: Objective
Razina 1. Cilj

C: Economic properties
ekonomska svojstva

C»: Developmental supports
razvojna potpora

caka

tvima drvenih igra

C3: Quality properties
svojstva kvalitete

cnim Svojs

Prioritizing the key attr ibutes of wooden toys

Davanje prioriteta klju

Cy4: Safety properties
sigurnosna svojstva

Cs: Functional properties
funkcionalna svojstva

Figure 5 Hierarchical structure of the problem
Slika 5. Hijerarhijska struktura problema

AN DN AN T N TN

Level 3: Subcriteria
Razina 3. Potkriterij

C11: Affordability / priustivost

Ci2: Longevity / trajnost

C13: Minimum coating requirement / minimalni zahtjevi
za premaz

C14: Product origin / podrijetlo proizvoda

C»1: Contribution to cognitive development
doprinos kognitivnom razvoju

Cy2: Contribution to psychomotor development
doprinos psihomotorickom razvoju

C»3: Contribution to social-emotional development
doprinos socio-emocionalnom razvoju

Cy4: Contribution to creativity development
doprinos razvoju kreativnosti

C3: Hardness, scratch, and abrasion resistance
tvrdoca, otpornost na ogrebotine i habanje

C32: Wood quality / kvaliteta drva

C33: Workmanship quality / kvaliteta izrade

C3g4: Static and dynamic strength / staticka i dinamicka
cvrstoca

C41: Antimicrobial property / antimikrobno svojstvo

Cy2: Free of harmful wood preservatives and paints
bez Stetnih premaznih materijala

Cy43: Absence of small parts and sharp edges
bez sitnih dijelova i ostrih rubova

Caq4: Easy cleanability and sterilizability
Jednostavno ciséenje i sterilizacija

Csy: Attractiveness and amusingness / atraktivnost
i zabavnost

Csy: Versatility / raznolikost

Cs3: Unisex / prikladnost za oba spola

Cs4: Ergonomic design / ergonomski dizajn

) DRVNA INDUSTRIJA 74 (2) 167-182 (2023)

173



Singer, Ozsahin: Analysis of Key Attributes of Wooden Toys via an Interval-Valued Spherical Fuzzy Analytic Hierarchy...

emotional development”, and “contribution to creativ-
ity development”. The subcriteria of “quality proper-
ties” are defined as “hardness, scratch, and abrasion
resistance”, “wood quality”, “workmanship quality”,
and “static and dynamic strength”. The subcriteria of
“safety properties”
property”, “free of harmful wood preservatives and
paints”, “absence of small parts and sharp edges”, and
“ecasy cleanability and sterilizability”. Lastly, the sub-
criteria of “functional properties” are determined as
“attractiveness and amusingness”, “versatility”, “uni-
sex”, and “ergonomic design”.

CEINT3

are identified as ‘“antimicrobial

G

3 RESULTS AND DISCUSSION

The experts are requested to express their prefer-
ence between every pair of criteria. The fuzzy AHP

questionnaires are filled out according to the verbal la-
bels given in Table 1. The consensus-building process is
applied to execute collaborative decision-making. The
experts’ responses are compiled, and then the second
round of questionnaires is initiated. After three rounds of
opinion consolidation, the experts’ final consensus is re-
ceived. The linguistic preferences are converted to the
corresponding interval-valued spherical fuzzy numbers.
The main criteria are compared with respect to the ob-
jective, while the subcriteria are evaluated against the
relevant main criterion. After the pairwise comparison
matrices are determined to be consistent, the interval-
valued spherical fuzzy AHP is applied to weight the cri-
teria. The matrices used to determine the priorities of the
criteria are presented in Tables 3-8.

As an example, the priority calculation of “eco-
nomic properties” will be elucidated. The fuzzy weight
of this criterion is computed as follows:

\/1 - ((1 ~0.50°)" ) x ((1 0.20° )°‘2)>< ((1 ~0.25°)" ) x ((1 - 0.152)°‘z)>< ((1 ~025°)"
- \/1 ~((1-0.55)"" )xe{(1-0.25°) " )¢((1-0.30°)"" [ (1-0.20%)"* (1 - 0.30%) "
=[0.30,0.35]
. (045" 0.65"* x0.55"% % 0.75"* % 0.55"%), _0.55.0.65]
(0.5 0.75°? x 0.65"* x 0.85°* x 0.65"?)
((1 ~0.50%)" ) x ((1 ~0.20%)" ) x ((1 - 0.252)0'2)x ((1 ~0.15° )”)
x((1-025)")=((1-0.50* ~0.30°) ") ((1-020* ~0.20%)" ) ,
((1-025*-025*)"")x((1-0.15* ~0.15%)"* (1 -0.25* ~0.25*) ")
” ((1 0.55) ) ((1 0.25%) ) ((1 ~0.30%)" ) x ((1 ~0.20° )“)
x((1-030°)"" )= ((1-0.55* ~0.40°)"* (1 0.25* ~0.25*) )
((1 0.30°~0.30°)" )x( (1-0.20* 0207 )“)x((l—oso2 ~0.30° )“)
~[0.24,031]

Table 3 Comparison matrix for the main criteria
Tablica 3. Matrica usporedbe za glavne kriterije

Criterion / Kriterij C, C, C, C, C w’ S w
C, EI LI SLI | VLI | SLI | ([0.30,0.35],[0.58,0.68],[0.24,0.31]) | 0.69 | 0.132
C EI EI SLI | SMI | ([0.52,0.60],[0.35,0.43],[0.26,0.33]) | 1.13 | 0.218
C, EI LI SMI | ([0.48, 0.56], [0.38, 0.46],[0.27,0.34]) | 1.07 | 0.206
C EI VHI | ([0.66,0.76],[0.22,0.28], [0.21, 0.26]) | 1.43 | 0.275
C ([0.38, 0.45], [0.48, 0.57], [0.25,0.32]) | 0.88 | 0.169
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Table 4 Comparison matrix for “economic properties”

Tablica 4. Matrica usporedbe za kategoriju ,,ekonomska svojstva”

Criterion / Kriterij C, C, C, C, w* S*) w
C, EI SMI HI SLI ([0.52, 0.61], [0.33, 0.40], [0.25, 0.32]) 1.16 0.282
H EI SMI LI ([0.41, 0.48], [0.45, 0.53], [0.26, 0.33]) 0.94 0.228
C, EI LI ([0.32,0.37], [0.57, 0.67], [0.25, 0.32]) 0.71 0.173
C, EI ([0.59, 0.69], [0.26, 0.32], [0.24, 0.30]) 1.31 0.318
Table 5 Comparison matrix for “developmental supports”
Tablica 5. Matrica usporedbe za kategoriju ,,razvojna potpora”
Criterion / Kriterij C,, C,, C,, C,, w* S(°) w
C,, EI SLI HI SMI ([0.52, 0.61],[0.33, 0.40], [0.25, 0.32]) 1.16 0.283
- EI HI SMI ([0.57, 0.66], [0.27, 0.33], [0.25, 0.31]) 1.27 0.309
C, EI SLI ([0.32,0.37], [0.57, 0.67], [0.25, 0.32]) 0.71 0.174
C, EI ([0.42, 0.49], [0.43, 0.51], [0.27, 0.33]) 0.96 0.234
Table 6 Comparison matrix for “quality properties”
Tablica 6. Matrica usporedbe za kategoriju ,,svojstva kvalitete”
Criterion / Kriterij C, C, C, C,, w’ S@#°) w
C,, EI LI VLI LI ([0.31, 0.35], [0.61, 0.72], [0.23, 0.30]) 0.65 0.154
“ El SLI | SMI ([0.52, 0.61], [0.33, 0.40], [0.25, 0.32]) 1.16 0.277
C, EI HI ([0.63, 0.73], [0.24, 0.30], [0.22, 0.28]) 1.37 0.328
C, EI ([0.46, 0.53],[0.42, 0.51], [0.24, 0.31]) 1.01 0.241
Table 7 Comparison matrix for “safety properties”
Tablica 7. Matrica usporedbe za kategoriju ,,sigurnosna svojstva”
Criterion / Kriterij C, C, C, C, w' S°) w
C,, EI LI VLI EI ([0.38, 0.43], [0.56, 0.66], [0.26, 0.34]) 0.77 0.184
" EI SLI HI ([0.55, 0.64], [0.32, 0.39], [0.24, 0.30]) 1.21 0.291
C, EI VHI ([0.66, 0.76], [0.22, 0.29], [0.21, 0.27]) 1.43 0.342
C, EI ([0.38, 0.43], [0.56, 0.66], [0.26, 0.34]) 0.77 0.184
Table 8 Comparison matrix for “functional properties”
Tablica 8. Matrica usporedbe za kategoriju ,,funkcionalna svojstva”
Criterion / Kriterij C, C, C, C, w' S°) w
C,, EI SMI HI SLI ([0.52, 0.61], [0.33, 0.40], [0.25, 0.32]) 1.16 0.285
» EI EI SLI ([0.40, 0.45], [0.50, 0.60], [0.28, 0.36]) 0.85 0.209
C, EI LI ([0.39, 0.44], [0.54, 0.64], [0.26, 0.35]) 0.79 0.195
C,, EI ([0.57, 0.66], [0.27, 0.33], [0.25, 0.31]) 1.27 0.311
The defuzzfied value of ([0.30, 0.35], [0.58, 0.68],
[0.24, 0.31]) is obtained as below.
2 2 2 2 2 2
S= (0.30) + (0.35) - (0.58) —(0.68) —(0.24 / 2) —(0.31 / 2) 1= 0.69

2

After the normalization operation is applied to
the resulting weight vector, the crisp weight of “eco-
nomic properties” is revealed as 0.132. As can be seen
in Figure 6, the sequence of the main criteria is “safety
properties” (0.275) > “developmental supports”
(0.218) > “quality properties” (0.206) > “functional
properties” (0.169) > “economic properties” (0.132).

The obtained ranking result indicates that “safety prop-
erties” deserves the highest priority in wooden toy se-
lection.

The crisp weights obtained from the pairwise
comparison matrix of “economic properties” are pre-
sented in Figure 7. The subcriterion “product origin”
(0.318) has the highest weight value and is prioritized
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E 0.169
.%‘3 0.180 n
= 0.132
0.120 ﬂ
0.060
0.000 ® L 2 @ @ @
Economic Developmental Quality Safety Functional
propertie supports properties properties properties
ekonomska razvojna svojstva sigurnosna funkcionalna
svojstva potpora kvalitete svojstva svojstva

Figure 6 Modeling results for the main criteria
Slika 6. Rezultati modeliranja za glavne kriterije

as the most important one. Many consumers regard this
criterion as a sign of product reliability (Kaynak et al.,
2000). Hence, consumer perceptions and purchase
likelihood are significantly influenced by the origin of
toys. The criteria “affordability” (0.282) and “longevi-
ty” (0.228) come in second and third, respectively,

while “minimum coating requirement” (0.173) emerg-
es as the least important subcriterion.

Figure 8 demonstrates the weight distribution of
the subcriteria within the “developmental supports”
category. The most important subcriterion of this cate-
gory is “contribution to psychomotor development”

0.400
0.282 0
0.300 0
0250 0.228
N
3 o
], 0200 0.173
z 0
z  0.150
0.100
0.050
0.000 & L 2 L L
Affordability Longevity Minimum coating Product origin
priustivost trajnost requirement podrijetlo
minimalni zahtjevi proizvoda
za premaz

Figure 7 Modeling results for “economic properties”

Slika 7. Rezultati modeliranja za kategoriju ,,ekonomska svojstva”
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0.050
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Contribution to Contribution to Contribution to Contribution to
cognitive psychomotor social-emotional creativity
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kognitivnom psihomotorickom socio-emocionalnom kreativnosti
razvoju razvoju razvoju

Figure 8 Modeling results for “developmental supports”

Slika 8. Rezultati modeliranja za kategoriju ,,razvojna potpora”

(0.309). The expert team has highlighted that children
playing with wooden toys can learn to control their
muscles in the psychomotor aspect and their move-
ments can acquire agility, strength, and speed. The sec-
ond important subcriterion is “contribution to cogni-
tive development” (0.283). The subcriterion
“contribution to creativity development” (0.234) is

positioned at the third rank, while “contribution to so-
cial-emotional development” (0.174) is at the end of
the local priority list.

When the weights in Figure 9 are ranked in de-
scending order, it is observed that “workmanship qual-
ity” (0.328) is the most considerable subcriterion with-
in the “quality properties” category. Poor quality can

0.420
0.360 0:328
0.277 0
0.300
n 0.241
N
3 0.240 ”
§
=
% 0.180 0.154
c)
2 0
0.120
0.060
0.000 L @ @ &
Hardness, scratch Wood quality Workmanship Static and
and abrasion kvaliteta drva quality dynamic strength

resistance
tvrdoca, otpornost na
ogrebotine i habanje

Figure 9 Modeling results for “quality properties”

Slika 9. Rezultati modeliranja za kategoriju ,,svojstva kvalitete”

staticka i
dinamicka ¢vrstocéa

kvaliteta izrade
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0.120
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0.000 @ L @ L

Antimicrobial Free of harmful Absence of small parts Easy cleanability
properties preservatives and sharp edges and sterilizability
antimikrobno and paints bez sitnih dijelova Jjednostavno
SVojstvo bez Stetnih premaznih i ostrih rubova ciséenje i
materijala sterilizacija

Figure 10 Modeling results for “safety properties”

Slika 10. Rezultati modeliranja za kategoriju ,,sigurnosna svojstva”

cause permanent or latent product failures and nega-
tively affect the appearance of products (Azemovic et
al., 2014). The subcriteria “wood quality” (0.277) and
“static and dynamic strength” (0.241) obtain the sec-
ond and third ranks, respectively. The least significant

subcriterion appears to be “hardness, scratch, and abra-
sion resistance” (0.154).

The modeling results for the “safety properties”
category are presented in Figure 10. The priority order
of the subcriteria of this category is as follows: “ab-

0.400
0.350
0.311
0.285
0.300 ” n
0.250
5 0.209
= n 0.195
8 0200 0
=
=
20
L
z 0.150
0.100
0.050
0.000 @ @ L L
Attractiveness and Versatility Unisex Ergonomic design
amusingness raznolikost prikladnost ergonomski dizajn

atraktivnost i zabavnost

Figure 11 Modeling results for “functional properties”

za oba spola

Slika 11. Rezultati modeliranja za kategoriju ,,funkcionalna svojstva”
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Figure 12 Global importance of subcriteria
Slika 12. Globalno znacéenje potkriterija

sence of small parts and sharp edges” (0.342) > “free of
harmful wood preservatives and paints” (0.291) > “an-
timicrobial property” (0.184) = “easy cleanability and
sterilizability” (0.184). The ranking result means that
the experts give more importance to “absence of small
parts and sharp edges” than to others. Some toys can be
dangerous. Hence, alternatives should be carefully
evaluated and then ranked from safest to least safe.

According to Figure 11, “ergonomic design”
(0.311) is the most important subcriterion within the
“functional properties” category. Good ergonomic de-
sign improves product usability and user satisfaction. It
ensures that children can utilize toys correctly without
causing harm to themselves. The criterion “attractive-
ness and amusingness” (0.285) has the second-highest
weight value, while “versatility” (0.209) is the third-
highest weighted subcriterion.

The local weights derived from the comparison
matrices are multiplied to reveal the global importance
of the subcriteria. Figure 12 demonstrates the global
priority for each subcriterion. The top five subcriteria
and their global weight are as follows: {absence of
small parts and sharp edges, 0.0940}, {free of harmful
wood preservatives and paints, 0.0799}, {workman-
ship quality, 0.0676}, {contribution to psychomotor
development, 0.0673}, and {contribution to cognitive
development, 0.0617}. Decision-makers should focus
primarily on these subcriteria in evaluating different
wooden toys.

The reliability and accuracy of decision-making
models are generally examined by conducting a com-

parative analysis. Hence, the data gathered from the
experts are tested by three popular fuzzy methods: in-
terval type-2 fuzzy AHP, interval-valued Pythagorean
fuzzy AHP, and spherical fuzzy AHP. Figure 13 dem-
onstrates the changes in the global weights of the sub-
criteria. As can be seen in the figure, “absence of small
parts and sharp edges”, “free of harmful wood preserv-
atives and paints”, “workmanship quality”, “contribu-
tion to psychomotor development”, and “contribution
to cognitive development” hold the top five ranks. The
weights assigned to the criteria by the methods are not
the same; however, the ranking position of the criteria
mostly remains the same. The applied methods con-
sider different assumptions and scales. Hence, the dif-
ferences in the results can be attributed to these factors.
The interval-valued spherical fuzzy AHP is a more re-
cent method that considers membership, non-member-
ship, and hesitancy at the same time, and provides a
more comprehensive range of membership function
definitions. Consequently, the decision framework has
strong robustness and feasibility.

The decision-making process associated with
choosing wooden toys is complex due to the uncertain-
ty, subjectivity, and conflicting factors. Decision-mak-
ers are confronted with many alternatives, which
should be evaluated and compared initially. Hence, the
identification and prioritization of selection criteria are
essential. As pointed out previously, there is no infor-
mation on the usage of the MCDM technique to speci-
fy and analyze the key attributes of wooden toys.
Hence, this study provides a novel, comprehensive,
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Figure 13 Comparison of different fuzzy AHP outputs

Slika 13. Usporedba razlicitih neizrazitih izlaznih vrijednosti AHP-a

and valuable guide to assist consumers, designers, and
manufacturers in determining the best options.

4 CONCLUSIONS
4. ZAKLJUCAK

This study identifies and prioritizes the key at-
tributes of wooden toys from experts’ perspectives. A
review of the relevant academic literature and expert
interviews are conducted to identify decision criteria.
At the end of this process, twenty subcriteria are final-
ized under five main criteria. A three-level hierarchical
model is devised for the prioritization purpose. The re-
quired data is gathered from experts who have experi-
ence with the research topic. The main criteria and sub-
criteria used in the study are assigned weights by
employing an interval-valued spherical fuzzy AHP ap-
proach. According to the modeling results, the most
significant main criterion is “safety properties” (27.5
%). The overall priority results demonstrate that “ab-
sence of small parts and sharp edges” (9.40 %), “free of
harmful wood preservatives and paints” (7.99 %),
“workmanship quality” (6.76 %), “contribution to psy-
chomotor development”, and “contribution to cogni-
tive development” (6.17%) deserve a higher priority in
the decision-making process.

Our research endeavor is different from the previ-
ous studies. The originality and value of this paper can
be elucidated as follows: (i) identification, classifica-
tion, and prioritization of the key attributes of wooden
toys for the first time; (i1) comprehensive and quantita-
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tive analysis of selection criteria; (iii) consideration of
uncertainties and hesitations for solving the problem;
(iv) examination of the problem from experts’ perspec-
tives; (v) first implementation of the interval-valued
spherical fuzzy set in the field of wood science. In this
research, it is assumed that wooden toy selection crite-
ria are mutually exclusive. Further research may apply
the fuzzy cognitive map to examine the interdependen-
cy among these criteria. Consumers’ preferences can be
examined under the fuzzy MCDM environment. The
performance of different options can be rated under the
criteria to rank them from the best to the worst or to sort
them into predefined ordered classes.
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ABSTRACT ° The purpose of this study is to investigate the mediating role of presenteeism in the relationship
between organizational stress and organizational silence of 305 forest products employees in Istanbul and Ko-
caeli, Turkey. According to our literature review, although some important studies about presenteeism, stress, and
silence can be found, this study is the first to explore the mediating role of presenteeism in the relationship between
organizational stress and organizational silence in forest products sector. The research was designed as a field
study and conducted using a questionnaire. The questionnaire involved forest industry employees’ demographic
data, Organizational Stress Scale, Organizational Silence Scale, and Stanford Presenteeism Scale. Data were
analyzed in SPSS and AMOS, incorporating statistical tests such as exploratory and confirmatory factor analysis,
correlation analysis, and structural equation modeling. Results of the analyzed data showed that presenteeism
had a significant moderating effect on the relationship between organizational stress and organizational silence.
Moreover, organizational stress had a positive effect on presenteeism, while organizational silence had a negative
effect. Organizational stress had no effect on organizational silence. Therefore, managers should develop strate-
gies for coping with stress to reduce presenteeism behavior of their employees and identify organizational stress
factors causing organizational silence.
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SAZETAK « Cilj ovog istrazivanja bilo je rasvjetljavanje posrednicke uloge prezentizma u odnosu izmedu orga-
nizacijskog stresa i organizacijske sutnje 305 zaposlenika u drvopreradivackoj industriji u Istanbulu i Kocaeliji u
Turskoj. lako su u literaturi pronadena neka vazna istrazivanja o prezentizmu, stresu i Sutnji, ovo je istrazivanje
prvo koje se bavi posrednickom ulogom prezentizma u odnosu izmedu organizacijskog stresa i organizacijske sut-
nje u drvopreradivackom sektoru. Istrazivanje je pripremljeno kao terensko i provedeno je putem ankete. Anketa je
obuhvatila demografske podatke zaposlenika u drvopreradivackoj industriji, razinu organizacijskog stresa, razinu
organizacijske Sutnje i standfordsku razinu prezentizma. Podatci su analizirani u SPSS-u i AMOS-u statistickim te-
stovima kao Sto su eksplorativna i konfirmatorna faktorska analiza, korelacijska analiza i modeliranje strukturnih
Jjednadzbi. Rezultati analiziranih podataka pokazali su da je prezentizam imao znatan posrednicki utjecaj na odnos
izmedu organizacijskog stresa i organizacijske Sutnje. Stovise, organizacijski je stres pozitivno utjecao na prezen-
tizam, dok je organizacijska Sutnja imala negativan utjecaj na nj. Organizacijski stres nije utjecao na organizacij-
sku Sutnju. Stoga bi menadzeri trebali razviti strategije za suocavanje sa stresom kako bi smanjili prezentisticko
ponasanje svojih zaposlenika i identificirali cimbenike organizacijskog stresa koji uzrokuju organizacijsku sutnju.

KLJUCNE RIJEC!I: stres, Sutnja, prezentizam, drvopreradivacki sektor

1 INTRODUCTION
1. UVOD

Employees are the most important element that
companies have in order to keep them in business. The
productivity of employees, which is important for
companies, directly affects the performance of the or-
ganization. Therefore, ensuring employee productivity
is one of the organizational goals. Employee perfor-
mance can vary due to many factors. Stress is also ac-
cepted as a concept that affects the productivity of the
individual (Sahin, 2020).

All jobs might be a potential source of stress be-
cause every job has its own working conditions. Work-
related social psychological stress might be considered
as organizational stress. Organizational stress is de-
fined as “an ongoing transaction between an individual
and the environmental demands associated primarily
and directly with the organization within which he or
she is operating”. Organizational stress factors include
role ambiguity and conflict, cultural and political envi-
ronment, coaching and/or management style, lack of
participation in the decision-making process, inade-
quate communication channels, lack of participation in
the decision-making process, etc. (Fletcher ez al., 2006;
Rumbold and Didymus, 2021).

There are many factors that cause silence. Such
reasons include stress, lack of experience, structural
and cultural hierarchy, lack of support, fears and sus-
picions, fear of being labeled or stigmatized or viewed
negatively, fear of losing contact, feelings of empti-
ness and fear of punishment (Saeidipour et al., 2021).
Silence occurs when employees in the organization
do not express their thoughts and it is an undesirable
phenomenon in an organization. Due to organization-
al silence, employees withhold their useful ideas, and
this can have negative effects on their motivation and
attitude. In addition, at the individual level, silence
can create a feeling of emptiness, lack of control and
anomalies (such as mobbing) in the organization
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(Managheb et al., 2018; Saeidipour et al., 2021; Mou-
saetal., 2021).

Silence behavior might be exhibited intentional-
ly, purposefully, actively and consciously. This situa-
tion leads to the formation of different forms of organi-
zational silence (Yalgmsoy, 2017). Knoll and van Dick
(2013) discussed organizational silence in a four-di-
mensional structure: quiescent silence, opportunistic
silence, acquiescent silence and prosocial silence. Qui-
escent silence is briefly defined as “suffering in si-
lence”. Acquiescent silence is withholding work-relat-
ed ideas, information, or opinions, due to resignation.
Prosocial silence is withholding work-related ideas,
information, or opinions, based on altruistic or coop-
erative motives. Opportunistic silence is defined as
strategically withholding work-related ideas, informa-
tion or opinions in order to gain an advantage for one-
self (Knoll and van Dick, 2013).

One of the factors affecting the productivity of
employees is presenteeism. Presenteeism is the loss of
productivity of employees due to health problems or
other events that negatively affect employees, even
though they are physically at the workplace (Yang et
al., 2017). Maestas ef al. (2021) reported that presen-
teeism causes an average productivity loss of 20 % and
workers with high absence rates and presenteeism have
more than 80 % probability of leaving the job in 3
years. In studies conducted in different countries, it has
been reported that presenteeism causes 30 % - 90 %
loss of productivity (Lohaus and Habermann, 2019;
Knani, 2022). In addition, at the organizational level,
presenteeism increases direct and indirect costs and re-
duces global performance; at the individual level, it
negatively impacts employees’ physical and mental
health (Knani, 2022).

The purpose of this study is to determine the
mediating role of presenteeism in the relationship be-
tween organizational stress and organizational si-
lence. In addition, the effect of organizational stress
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on organizational silence and presenteeism and the
effect of presenteeism on organizational silence were
investigated.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

The research focuses on employees in the forest
products sector (furniture, timber, particleboard,
coating, wooden packaging) operating in the prov-
inces of Istanbul and Kocaeli in Turkey. The reason
for the selection of employees in the forest products
sector in Istanbul and Kocaeli is as follows: Based on
TOBB Industry Database, the number of enterprises
operating in forest products in Istanbul and Kocaeli is
9596, which accounts for approximately 41 % of all
enterprises operating in this sector in Turkey (TOBB,
2021).

The total number of employees in the forest prod-
ucts sector in Turkey was taken as the research uni-
verse. Based on TOBB data, the number of employees
in the forest products sector in Turkey is 350346
(TOBB, 2021). The following sample determination
formula was used to determine the total number of par-
ticipants to whom the surveys would be applied (Dor-
man et al., 1990):

__ NpgZ
" WN)d g 2

(M

Where n is sample size, N is universe size
(350346 employees in the forest products sector), p is
probability of the occurrence of the characteristic to be
measured in the universe (this ratio was taken as 50 %
because this study was multi-purpose), ¢ is 1-g (im-
probability of the occurrence of the characteristic to be
measured in the universe), Z is confidence coefficient
(Z-score at 95% confidence interval was taken as 1.96),
and d is accepted sampling error (6 % taken).

As a result, the sample size was determined to be
267 employees. In order to increase the validity and
reliability of the study, the sample number was kept
high. For this purpose, the survey study was conducted
with 335 employees, but 305 surveys were assessed.
The research was carried out between June 2021 and
October 2021.

The research was planned as a field study and the
survey technique was used to obtain the data. Survey
forms were submitted to the employees directly. The
survey form used in the research consists of 4 parts.
The first part contains statements related to the demo-
graphic characteristics of the participants. The second
part contains statements about organizational stress.
The “Organizational Stress scale” was created using
the job stress scale developed by Balc1 (1993) and the
studies conducted by Akova and Isik (2008), Soysal

(2009) and Cokiik (2018) and it consists of 14 state-
ments. The third part uses the “Organizational Silence
scale” developed by Knoll and van Dick (2013) and
consists of 20 statements. The scale was translated into
Turkish by Cavusoglu and Koése (2019) and validity
and reliability analyses were performed. The fourth
part uses the “Standford Presenteeism scale” devel-
oped by Koopman ef al. (2002) and it contains 6 state-
ments. The scale was translated into Turkish by Coskun
(2012) and validity and reliability analyses were per-
formed. The statements in the scales were designed ac-
cording to a 5-point Likert scale (5 = Strongly Agree, 4
= Agree, 3 = Undecided, 2 = Disagree, 1 = Strongly
Disagree).

According to the purpose of the research, 4 main
hypotheses and 4 sub-hypotheses were formed. The
hypotheses of the research are as follows;

H,: Organizational stress has a positive effect on
organizational silence.

H, : Organizational (internal) stress has a nega-
tive effect on organizational silence.

H, : Organizational (external) stress has a posi-
tive effect on organizational silence.

H : Organizational stress has a positive effect on
presenteeism.

H, : Organizational (internal) stress has a positive
effect on presenteeism.

H,: Organizational (external) stress has a nega-
tive effect on presenteeism.

H,: Presenteeism has a negative effect on organi-
zational silence.

H,: Presenteeism has a mediating role in the rela-
tionship between organizational stress and organiza-
tional silence.

The IBM SPSS Statistics 15 packaged software
and AMOS 22.0 packaged software were used in the
analysis of the data. Explanatory Factor Analysis was
used to determine how many dimensions, used in the
scale expressions in the study, were separated, and
Confirmatory Factor Analysis was used to determine
the accuracy of the dimensions. The percentage and
frequency distribution of the demographic characteris-
tics of the participants and the arithmetic mean of the
participants’ opinions on the statements about organi-
zational stress factors, presenteeism and organizational
silence were calculated. Pearson correlation analysis
was used to determine the relationship between “or-
ganizational stress scale and dimensions” and “organi-
zational silence and presenteeism scales and dimen-
sions”. Path Analysis was used to determine
organizational stress and the effect of its dimensions on
organizational silence and presenteeism. Path Analysis
was also used to determine the mediating role of pres-
enteeism in the relationship between organizational
stress and organizational silence.
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Table 1 Statements used in scales
Tablica 1. Iskazi primijenjeni za izradu ljestvica

Questions | Organizational stress scale Presenteeism scale Organizational silence scale
Pitanje Razina organizacijskog stresa Razina prezentizma Razina organizacijske Sutnje
Q1 The restlessness and gossip in the | Despite my health problems, I was | I remained silent at work fearing negati-

workplace lead to stress.
Nemir i ogovaranje na radnome
mjestu dovode do stresa.

able to complete difficult tasks in
my work.

Unato¢ zdravstvenim problemima,
uspio sam obaviti teske zadatke na
poslu.

ve consequences.
Na poslu sam Sutio zbog straha od nega-
tivnih posljedica.

Q2 The conflict with senior mana- | Despite my health problems, I was | I remained silent at work fearing the di-
gers leads to stress. able to focus on achieving my pro- | sadvantages of speaking.

Sukob s voditeljima dovodi do | fessional goals. Na poslu sam Sutio zbog straha od po-
stresa. Unato¢ zdravstvenim problemima, | gresaka u istupu.

mogao sam se usredotociti na ostva-

renje svojih profesionalnih ciljeva.

Q3 The conflict with subordinates | Despite my health problems, I have | I remained silent at work so as not to be
leads to stress. enough energy to complete all my | vulnerable to my colleagues or superiors.
Sukob s podredenima dovodi do | tasks. Na poslu sam Sutio kako se ne bih poka-
stresa. Unato¢ zdravstvenim problemima, | zao ranjivim pred kolegama ili nadrede-

imam dovoljno energije da obavim | nima.
sve svoje zadatke.

Q4 Incompatibility with colleagues | Because of my health problems, it | I remained silent to avoid conflicts
leads to stress. was much more difficult to deal | Sutio sam kako bih izbjegao sukobe.
Nekompatibilnost s kolegama | with work-related stresses.
dovodi do stresa. Zbog zdravstvenih problema bilo

mi je mnogo teze nositi se sa stre-
som na poslu.

Q5 The inadequacy of the physical | Because of my health problems, I|I remained silent at work because I did
working environment and tools | could not enjoy my job. not want to be seen as a troublemaker.
leads to stress. Zbog zdravstvenih problema nisam | Na poslu sam Sutio jer nisam Zelio da me
Neadekvatnost fizickoga radnog|mogao uzivati na poslu. radna okolina dozivljava problematic-
okruzenja i alata dovodi do stresa. nim.

Q6 The lack of senior management | Despite my health problems, I felt|I remained silent at work because other
support in decisions leads to stress. | hopeless about finishing certain | people at work said nothing.

Nedostatak potpore voditelja pri | work-related tasks. Na poslu sam sutio jer ni ostali nisu ni-
donosenju odluka dovodi do stre- | Unato¢ zdravstvenim problemima, | $ta govorili.
sa. osjecao sam se beznadno glede do-

vrsavanja odredenih radnih zada-

taka.

Q7 Inadequate and lack of direct par- I remained silent at work because I do
ticipation in the decision-making not want to embarrass others.
process lead to stress. Na poslu sam Sutio jer ne Zelim osramo-
Neadekvatno sudjelovanje i is- titi druge.
kljucivanje iz procesa donoSenja
odluka dovodi do stresa.

Q8 Inadequate staff in terms of qua- I remained silent at work because I do
lity and quantity leads to stress. not want others to get into trouble.
Nekvalitetno osoblje i njihov ne- Na poslu sam Sutio jer ne Zelim da drugi
dovoljan broj dovodi do stresa. upadaju u nevolje.

Q9 Inequality in staff assignments I remained silent at work because I did
and evaluations leads to stress. not want to damage relationships with
Nejednakost pri dodjeljivanju i my co-workers or superiors.
evaluaciji zadataka dovodi do Na poslu sam Sutio jer nisam Zelio narusiti
stresa. odnose s kolegama ili nadredenima.

Q10 The confusion in the bureaucracy I remained silent at work not to lose my
leads to stress. knowledge advantage.
Neorganiziranost u birokraciji Na poslu sam Sutio da ne izgubim pred-
dovodi do stresa. nost u znanju.

Q11 Political repressions about the I remained silent at work because of the

works lead to stress.
Politicke represije nad radom
dovode do stresa.

concern that others could take an advan-
tage of my ideas.

Na poslu sam Sutio zbog bojazni da bi
drugi mogli iskoristiti moje ideje.

186 ) DRVNA INDUSTRIJA 74 (2) 183-194 (2023)




Ersen, Usta, Bayram, Akylz: Intermediate Role of Presenteeism in Relationship Between Organizational Stress and...

Questions | Organizational stress scale Presenteeism scale Organizational silence scale
Pitanje Razina organizacijskog stresa Razina prezentizma Razina organizacijske Sutnje

Q12 The difference of political opini- I remained silent at work because I wan-
on in the work environment leads ted others to understand the consequen-
to stress. ces of their mistakes.

Razlicitost politickih stajalista u Na poslu sam Sutio jer sam Zelio da dru-
radnom okruzenju dovodi do gi nauce koje su posljedice njihovih po-
stresa. greSaka.

Q13 Religious differences and repre- I remained silent at work because my su-
ssions in the work environment periors do not deserve my involvement.
lead to stress. Na poslu sam Sutio jer moji nadredeni ne
Vjerske razlike i represija u rad- zasluzuju moj angazman.
nom okruzenju dovode do stresa.

Q14 The frequency of inspections le- I remained silent at work because I did
ads to stress. not want to do additional work.

Ucestale kontrole dovode do Na poslu sam sutio jer nisam Zelio do-
stresa. datni posao.

Q15 I remained silent at work because I could
not find anyone (a sympathetic ear) who
shared my thoughts.

Na poslu sam Sutio jer nisam mogao pro-
naci nikoga tko dijeli moje razmisljanje.

Qlé6 I remained silent at work because my su-
periors were not open to offers, con-
cerns, and the like.

Na poslu sam Sutio jer nadredeni nisu
bili otvoreni za ponude, dvojbe i sl.

Q17 I kept silent at work because I thought
nothing will change.

Na poslu sam Sutio jer sam mislio da se
nista nec¢e promijeniti.

Q18 I remained silent at work because I did
not expect to participate (be involved).
Na poslu sam Sutio jer nisam ocekivao
da ¢u biti ukljucen u proces.

Q19 I remained silent at work because of bad
experiences I have had with speaking up
on critical issues in the past.

Na poslu sam Sutio jer sam u proslosti
imao losa iskustva zbog govorenja o kri-
ticnim problemima.
3 RESULTS enteeism and organizational silence scales were 0.927,
3. REZULTATI 0.884 and 0.958, respectively. Cronbach’s Alpha val-

Male employees made up the majority of the sur-
vey respondents. The vast majority of participants
were younger than 41. Most participants were married.
The vast majority of participants had a salary lower
than 4000 Turkish liras. The graduation rate of the par-
ticipants was poor. The majority of participants had
less than 11 years’ experience in the workforce. The
majority of the participants worked in the furniture or
wood-based board sector. The vast majority of partici-
pants were workers.

The Cronbach Alpha internal consistency test
was used to test the reliability of the scales and their
dimensions used in the research. As seen in Table 5,
Cronbach’s Alpha values of organizational stress, pres-

ues of the dimensions of the scales vary between 0.833
and 0.936. Based on these values, it can be said that the
scales used are reliable.

Before applying the exploratory factor analysis
to the scales, it was first determined whether the data
showed a normal distribution. Skewness and kurtosis
values should be between -1.5 and + 1.5 (Tabachnick
and Fidell, 2013). When Table 5 was examined, it was
seen that the skewness and kurtosis values of the scales
were between -1.5 and + 1.5, meaning that the data
were found to have a normal distribution.

After it was determined that the data showed nor-
mal distribution, Kaiser-Meyer-Olkin (KMO) meas-
urement and Bartlett’s Sphericity Test were applied to
analyze whether the scales were suitable for factor
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analysis, and the results are given in Table 2, 3 and 4.
Based on the KMO values and the Bartlett test results
of the scales, it was determined that the data were suit-
able for factor analysis (KMO: 0.913 and Bartlett Test:
0.000 for organizational stress scale, KMO: 0.773 and
Bartlett Test: 0.000 for presenteeism scale, and KMO:
0.945 and Bartlett Test: 0.000 for organizational si-
lence scale). When applying factor analysis, attention
was paid to factors such as factor loads greater than
0.30, factor load difference between adjacent items
equal to or greater than 0.10, and the use of Varimax
rotation method (Karaman et al., 2017).

As a result of the factor analysis, it was found
that the organizational stress scale was collected from
2 factors and the results are given in Table 2. There are
9 statements in the first factor (Organizational (Inter-
nal) Stress), and 5 statements in the second factor (Or-
ganizational (External) Stress). These two factors ex-
plain 64.382 % of the total variance. The factor loads
of the first factor vary between 0.611 and 0.787, where-
as the factor loads of the second factor vary between
0.621 and 0.872.

Presenteeism scale was determined to consist of
2 factors (Table 3). There are 3 statements in the first
factor (Completing Work) and 3 statements in the sec-
ond factor (Avoiding Distraction). The scale of presen-
teeism is similar to the literature data. These two fac-
tors explain 81.178 % of the total variance. The factor
loads vary between 0.838 and 0.920.

As a result of the factor analysis of the organiza-
tional silence scale, it was determined that the factor

load difference between the adjacent items in the 7th
statement was less than 0.10 (2nd factor: 0.531 and 3rd
factor: 0.580) and this statement was removed. After
the statement was removed, factor analysis was applied
again, and the analysis results are given in Table 4. The
original scale consists of 4 dimensions. In this study,
the scale consisted of 3 dimensions and the dimensions
of prosocial and acquiescent silence were gathered un-
der a single dimension. This dimension has also been
renamed as the prosocial and acquiescent silence.
These three factors explain 69.888 % of the total vari-
ance. The factor loads of the first factor (Quiescent Si-
lence) vary between 0.631 and 0.826, the factor loads
of the second factor (Opportunistic Silence) vary be-
tween 0.694 and 0.806, and the factor loads of the third
factor (Prosocial and Acquiescent Silence) vary be-
tween 0.643 and 0.768.

In order to determine the accuracy of the struc-
ture obtained as a result of the explanatory factor anal-
ysis, confirmatory factor analysis was applied to the
study scales. Some statements were modified to im-
prove the results of the organizational stress and or-
ganizational silence scales covariance among residual
values (for example, between 1 and 2 in the organiza-
tional stress scale and between 4 and 5 in the organiza-
tional silence scale). In other words, new covariances
were created for statements with high covariance
among residual values. Confirmatory factor analysis
results of the scales are given in Figures 1.

When the fit indices of the models were exam-
ined, the fit index values of the organizational silence

Table 2 Exploratory factor analysis results of organizational stress
Tablica 2. Rezultati eksplorativne faktorske analize organizacijskog stresa

Number of Factor load li}’;gi:glceed TOtiLi?;::;ned
Factors / Cimbenici qufzstllons- Fakto;:skq Ot s et
Broj pitanja opterecenje . I .
varijanca objasnjene varijance
Factor 1: Organllzatl.c.)ne%l (mternal.). stress 9(1-9) 0.611-0.787 51.963
organizacijski (unutarnji) stres 64382
Factor 2: Organ‘lzatlhc‘)nafl (ext.em.al) stress 5 (10-14) 0.621-0.872 12.419
organizacijski (vanjski) stres
Kaiser-Meyer-Olkin (KMO) 0.773
Bartlett’s Test of Sphericity (p) 0.000
Table 3 Exploratory factor analysis results of presenteeism
Tablica 3. Rezultati eksplorativne faktorske analize prezentizma
Number of Factor load lifzgizﬁlceed TOtiLi?:{::;ned
Factors / Cimbenici qugst}ons Fakto;jskc.) Objasnjena Ukupni postotak
Broj pitanja opterecenje . o ..
varijanca objasnjene varijance
Factor 1: Comg)letln'g work 3(1-3) 0.859-0.920 54955
dovrsavanje posla
Factor 2: Avoiding distracti 81178
aclon £ NOICE CSTacton. 3 (4-6) 0.838-0.899 26223
izbjegavanje ometanja
Kaiser-Meyer-Olkin (KMO) 0.913
Bartlett’s Test of Sphericity (p) 0.000
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Table 4 Results of exploratory factor analysis of organizational silence
Tablica 4. Rezultati eksplorativne faktorske analize organizacijske Sutnje

Number of Factor load lixal; li::lceed Totz;i;(;);zlned
Factors / Cimbenici questions Faktorsko o ;
R P Objasnjena Ukupni postotak
Broj pitanja opterecenje .. o f7g %
varijanca objasnjene varijance
Factor 1 Quiescent silence 6 (1-6) 0.631-0.826 57.072
mirna sutnja
Factor 2: Opportunistic silence 3(79) 0.694-0.806 7.542 69.888
oportunisticka Sutnja
Factor 3: Prosom.z.ll and.acqulesc“ent §1legce 9.(10-19) 0.643-0.768 5975
prosocijalna i popustljiva Sutnja
Kaiser-Meyer-Olkin (KMO) 0.945
Bartlett’s Test of Sphericity (p) 0.000

g ¢

?

Completing
Work

Avoiding

Distraction

Figure 1 Confirmatory factor analysis models: A) organizational stress; B) presenteeism; C) organizational silence
Slika 1. Modeli konfirmatorne faktorske analize: A) organizacijski stres; B) prezentizam; C) organizacijska Sutnja

model were as follows: x?/df = 3.754, GFI = 0.880, CFI
=0.926, RMSEA = 0.097. The fit index values of the
presenteeism model were: x?/df = 3.523, GFI = 0.969,
CFI = 0.980, RMSEA = 0.093. The fit index values of
the organizational silence model were: x*/df = 2.645,
GFI=0.879, CFI=0.947, RMSEA = 0.075. According
to the literature, x?/df value should be less than 5, RM-
SEA value should be less than 0.10, CFI and GFI value
should be less than 0.85 (Byrne and Campbell, 1999;

Schermelleh-Engel et al., 2003; Kline, 2011; Cokluk et
al., 2014). The values of the models are among the
generally acceptable values. These values confirm the
validity of the scales of organizational stress, presen-
teeism and organizational silence.

The arithmetic mean values of the answers given
to the scales by the employees participating in the re-
search are given in Table 5. The following classifica-
tion was used in the interpretation of the arithmetic

Table 5 Descriptive statistical values of scales and scale dimensions

Tablica 5. Deskriptivne statisticke vrijednosti i dimenzije razina

Scales and scale dimensions / Razine i njihove dimenzije Mean | Skewness | Kurtosis | Cronbach’s Alpha
Organizational stress / organizacijski stres 3.3159 -0.212 -0.651 0.927
Organizational (internal) stress / organizacijski (unutarnji) stres 3.4255 -0.348 -0.725 0919
Organizational (external) stress / organizacijski (vanjski) stres 3.1185 -0.048 -0.891 0.882
Presenteeism / prezentizam 3.0057 0.010 -0.533 0.884
Completing work / dovrsavanje posla 2.9807 0.150 -1.031 0.873
Avoiding distraction / izbjegavanje ometanja 3.0306 | -0.029 -1.024 0.833
Organizational silence / organizacijska Sutnja 2.6399 0.066 -0.589 0.958
Quiescent silence / mirna sutnja 2.6258 0.026 -0.898 0.931
Opportunistic silence / oportunisticka sutnja 2.7785 0.056 -0.896 0.936
Prosocial and acquiescent silence / prosocijalna i popustljiva sutnja | 2.6067 0.180 -0.560 0.872
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means of the scales: 1.00-1.79: very low, 1.80-2.59:
low, 2.60-3.39: medium, 3.40-4.19: high, 4.20-5.00:
very high (Ozdamar, 2003).

As seen in Tables 5, organizational stress level of
the participants is close to high. Presenteeism level of
the participants is moderate. Organizational silence
level of the participants is close to low. Organizational
(external) stress has the highest arithmetic mean among
organizational stress dimensions. Avoiding distraction
has the highest arithmetic mean among the presentee-
ism dimensions. Opportunistic silence has the highest
arithmetic mean among the organizational silence di-
mensions. However, both the organizational silence
scale and the dimensions of organizational silence have
a mean score close to low. It is seen that the mean
scores of the dimensions of each scale are close to each
other.

There is a positive relationship between “organi-
zational stress” and “was silence is weak, whereas the
relationship between organizational stress and presen-
teeism is moderate. There is also a negative relation-
ship between presenteeism and organizational silence
and this relationship is moderate. When the relations
between the scales and the dimensions were examined,
a positive relationship was determined between “or-
ganizational stress” and “avoiding distraction and
prosocial and acquiescent silence”. There is a negative
relationship between presenteeism and dimensions of
organizational silence, whereas there is a positive rela-
tionship between presenteeism and dimensions of or-
ganizational stress. There is a positive relationship be-

tween organizational silence and organizational
(external) stress, whereas there is a negative relation-
ship between organizational silence and completing
work (Table 6).

A structural equation model was created to deter-
mine the effects of organizational stress and its dimen-
sions on presenteeism and organizational silence. The
effect of presenteeism on organizational silence was
also investigated. Structural equation modeling was
used to determine the mediating role of presenteeism in
the relationship between organizational stress and or-
ganizational silence. The models are given in Figure 2
and the analysis results are given in Table 7 and 8.

When the model designed to determine the ef-
fects of organizational stress and its dimensions on
presenteeism and organizational silence and effect of
presenteeism on organizational silence was examined,
the fit index values of the models were at an acceptable
level [Model 1: x¥df = 3.236, GFI = 0.748, CFI =
0.853, RMSEA = 0.087; Model 2: x*/df = 3.832, GF1 =
0.823, CF1=0.880, RMSEA = 0.098; Model 3: x*/df =
3.221, GFI = 0.792, CFI = 0.894, RMSEA = 0.087,
Model 4: x?/df =2.940, GFI = 0.766, CF1=0.873, RM-
SEA = 0.081; Model 5:x¥/df =2.904, GFI = 0.862, CFI
=0.920, RMSEA = 0.080].

According to the fit indices of the model designed
to determine whether presenteeism has a mediating ef-
fect between organizational stress and organizational
silence, it might be said that this model is also accept-
able [Model 6: x*/df=2.963, GF1=0.724, CFI1 =0.843,
RMSEA = 0.082].

Table 6 Correlation analysis of relationship between scales and their dimensions
Tablica 6. Korelacijska analiza odnosa izmedu razina i njihovih dimenzija

1 2 3 4 5 6 7 8 9
1: Organizational stress 1
1: Organizacijski stres
2: Internal s.t'ress 0.937%* |
2: Unutarnji stres
3: External stress 0.846%% | 0.608%* | 1
3: Vanjski stres
jirrzsz‘j:;:;;“ 0.306%* | 0.340%* | 0.177%* | 1
ig‘;‘iﬁfiﬁe‘;‘jﬁa 0.110 | 0.187** | -0.035 | 0.820%* | 1
g:_zvb‘j’.‘e‘glfa:j‘iﬁ‘;‘;ja 0.391%% | 0.371%* | 0.324%* | 0.826%* | 0.355%* | 1|
;gﬁi‘;‘fgﬁ;ﬁ;?ﬁ;j 0.116* | 0.065 |0.166** |-0.202%* | -0.23** | -0.103 1
?%‘lf;iile‘sf;;;‘;e“ce 0.067 | 0.025 | 0.113 |-0.188%* | -0.184** | -0.126* | 0.900%* | 1
gggﬂ(:g‘:l‘;f;;;{;‘:z?:; 0.098 | 0.077 | 0.106 | -0.148* | -0.156** | -0.089 | 0.831%* | 0.700%* | 1
10: Prosocial and acquiescent
ilé?liffosocﬁaml.popusﬂﬁm 0.136% | 0.075 | 0.194%* | -0.194%* | 0.247%* | -0.074 | 0.944** | 0.734%* | 0.708**
Sutnja

**Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level.
**Korelacija je znacajna na razini 0,01; *korelacija je znacajna na razini 0,05.
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Figure 2 Structural equation models (Model 1: model of the effect of organizational stress on organizational silence; Model 2:
model of the effect of organizational stress on presenteeism; Model 3: model of the effect of presenteeism on organizational
silence; Model 4: model of the effect of dimensions of organizational stress on organizational silence; Model 5: model of the
effect of dimensions of organizational stress on presenteeism; Model 6: model of constructed regarding the mediating role of
presenteeism in the relationship between organizational stress and organizational silence)

Slika 2. Modeli strukturnih jednadzbi (model 1: model ucinka organizacijskog stresa na organizacijsku Sutnju; model 2: model
ucinka organizacijskog stresa na prezentizam; model 3: model utjecaja prezentizma na organizacijsku Sutnju; model 4: model
utjecaja dimenzija organizacijskog stresa na organizacijsku Sutnju; model 5: model utjecaja dimenzija organizacijskog stresa na
prezentizam; model 6: model konstruiran s obzirom na posredni¢ku ulogu prezentizma u odnosu izmedu organizacijskog stresa
1 organizacijske Sutnje)
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Table 7 Results of hypotheses about scales and their dimensions

Tablica 7. Rezultati hipoteza o razinama i njihovim dimenzijama

Hz/[g)ot:lee;ies Relationship / Odnos p t-statistics | p value II::ZS;I:;
H Organizational stress — | Organizational silence | 0.118 1.867 0.062 Reject
organizacijski stres organizacijska Sutnja odbijena
H, Organizational (internal) stress | — | Organizational silence | -0.069 -0.744 0.457 Reject
organizacijski (unutarnji) stres organizacijska sutnja odbijena
H, Organizational (external) stress | — | Organizational silence | 0.227 2.350 0.019 Accept
organizacijski (vanjski) stres organizacijska sutnja prihvacena
H, Organizational stress — | Presenteeism 0.167 2.606 0.009 Accept
organizacijski stres prezentizam prihvacena
H, Organizational (internal) stress | — | Presenteeism 0.393 4.017 0.000 Accept
organizacijski (unutarnji) stres prezentizam prihvacena
H, Organizational (external) stress | — | Presenteeism -0.284 -2.931 0.003 Accept
organizacijski (vanjski) stres prezentizam prihvacena
H, Presenteeism — | Organizational silence | -0.259 -4.110 0.000 Accept
prezentizam organizacijska sutnja prihvacena
Table 8 Results of mediation effect
Tablica 8. Rezultati medijacije
p S.E C.R. P
Organ.izati.(‘)na.l stress . Presentc.eeism 0.169 0079 2627 0.009
organizacijski stres prezentizam
Presentecisim — | Organizational silence 0.166 | 0061 | -4481 | 0.000
prezentizam organizacijska Sutnja
Organ.izati.(.)natl stress N Organ‘izati.(‘)nal filen.ce 0287 0,073 2650 0.008
organizacijski stres organizacijska Sutnja

The standardized B coefficients, t-statistics, p val-
ues and hypothesis results of the models are given in
Table 7. As shown in Table 7, the organizational stress
and organizational (internal) stress dimension have no
effect on the organizational silence. The organizational
(external) stress dimension has an effect on the organi-
zational silence. Organizational stress and its dimen-
sions have an effect on presenteeism. Presenteeism
also has an effect on organizational silence. Both the
effect of organizational (external) stress on presentee-
ism and the effect of presenteeism on organizational
silence were negative. Other effects were positive. For
this reason, H, H,, H, , H, and H, hypotheses were
accepted. H and H _hypotheses were rejected.

Based on Table 8, it was concluded that presen-
teeism has a mediating role in the relationship between
organizational stress and organizational silence. In
other words, the H, hypothesis was accepted.

4 DISCUSSION
4. RASPRAVA

Stress, which has become a part of life, can nega-
tively affect individual and organizational life when it
is excessive and intense. It is thought that stress will
increase the probability of employees leaving the or-
ganization and cause organizational silence. There are
several studies on the relationship between the organi-
zational stress and organizational silence in the litera-
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ture. Dileep Kumar et al. (2015) said that employee
silence increases the stress level. Dedahanov et al.
(2016) reported that individuals experience stress when
they withhold information. Cakir Yildiz and Giines
(2017) stated that individuals under stress at workplac-
es prefer to remain silent about the events in the or-
ganization and are hesitant to express their opinions. A
study on Iranian insurance staff found that job stress
has no significant effect on organizational silence but
the effect of job stress on organizational silence was
confirmed (Norouzi and Aghbelaghi, 2020). Mant1
(2020) stated that the things that can be done to reduce
organizational stress can also affect organizational si-
lence. There are also studies showing the relationship
between organizational stress and presenteeism and
supporting the findings of this study. In a study con-
ducted in 2016, it was determined that the degree of
presenteeism has a positive effect on the relationship
between perceived job stress and happiness (Chia and
Chu, 2016). El-Kurdy et al. (2022) reported that pres-
enteeism has a negative non-significant correlation
with stress. In some studies, stress has been identified
as a critical factor in triggering presenteeism (Coutu et
al., 2015; Lauzier et al., 2017; Yang et al., 2017; Kim
et al.,2019; Mohamed et al., 2021; Jiang et al., 2021).
There are studies showing that presenteeism has an ef-
fect on organizational silence. For example, in the
study of Yildirim and Orug (2019), a negative relation-
ship was found between “presenteeism” and “acquies-
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cent and protective silence”. In another study, it was
determined that presenteeism significantly affected the
dimensions of organizational silence (Karagdz ve
Uzunbacak, 2020). There is no previous study on the
mediating role of presenteeism in the relationship be-
tween organizational stress and organizational silence.

5 CONCLUSIONS
5. ZAKLJUCAK

It was discovered that people working in the forest
products sector were under considerable stress. Al-
though the stress level of the participants is high, the
level of presentecism of the participants is low. Individu-
als under stress prefer to remain silent about the events
taking place in the organization. It was discovered that
organizational stress factors caused presenteeism. While
organizational (internal) stress factors affect the presen-
teeism level positively, organizational (external) stress
factors negatively affect the presenteeism level. It was
discovered that the participants did not remain silent as
the level of presenteeism decreased. Presenteeism had a
mediating effect on organizational silence. Organiza-
tional stress factors causing organizational silence might
be identified. Active participation of employees in deci-
sion-making processes should be supported so that they
do not remain silent about the issues in the organization.
Companies might reorganize their organizational culture
and working habits in order to eliminate presenteeism.
The research findings were limited to individuals work-
ing in the forest products sector in Istanbul and Kocaeli
provinces in Turkey. The lack of studies on the relation-
ship between “organizational stress” and “organization-
al silence and presenteeism”, and the mediating role of
presenteeism in the relationship between organizational
silence and organizational silence, limited the compari-
son of research findings with different or similar re-
search results. To see the situation in different sectors,
similar studies should be carried out with different sam-
ples. Although there are studies on presenteeism, organ-
izational stress and organizational silence in different
sectors, there is no study on the relationship between
presenteeism, organizational stress and organizational
silence for the forest products sector. Moreover, this
study is the first to explore the mediating role of presen-
teeism on the relationship between organizational stress
and organizational silence. This study is a significant
contribution that can fill the gap in the existing literature.
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ABSTRACT - In this study, the effect of using olive stone residues (OSR) on some properties of particleboard
was investigated. For this purpose, particle boards were manufactured from particles of white poplar (Populus
Alba L.), which were partially substituted with OSR particles in amounts of 10 %, 20 % and 30 %. In addition,
boards containing 30 % OSR, which had previously been chemically modified with NaOH solution, were produced.
Phenol formaldehyde adhesive was used in the production of the boards. Chemical properties of wood and OSR
particles (pH, alcohol benzene solubility, amount of ash), physico-mechanical properties (density, moisture con-
tent thickness swelling, modulus of rupture, modulus of elasticity and internal bond strength) and formaldehyde
emission values of boards were determined. Water absorption and thickness swelling values were generally de-
creased with the increase in the use of OSR. When the effect of OSR usage on bending strength, modulus of elas-
ticity, and perpendicular tensile strength values were examined, a decrease in the values was observed except for
the 10 % OSR usage ratio. As a result of the application of alkali pretreatment, an increase in thickness swelling
values was observed, while the values of mechanical properties increased. Scanning electron microscopy (SEM)
analysis results showed more spaces between particles with an increasing OSR usage ratio. Formaldehyde emis-
sion values decreased with the increasing amount of OSR. Formaldehyde emission values increased slightly with
the application of alkaline pretreatment. Based on the findings of this study, we can conclude that OSR can be used
at particularly low ratio in particleboard production.

KEYWORDS: olive stone residues, particleboard, physical and mechanical properties, formaldehyde emissions

SAZETAK « U istrazivanju je ispitan ucinak iskoristenja ostataka kostica masline (OSR) na neka svojstva ploca
iverica. Za potrebe eksperimenta izradene su ploce od iverja drva bijele topole (Populus alba L.) koje je djelo-
micno zamijenjeno kosticama masline u kolicini od 10, 20 i 30 %. Osim toga, izradene su ploce s 30 % ostataka
kostica masline prethodno modificiranih otopinom NaOH. Pri izradi ploca upotrijebljeno je fenol-formaldehidno
ljepilo. Utvrdena su kemijska svojstva drva i ostataka kostica masline (pH, topljivost u smjesi alkohola i benzena,
sadrzaj pepela) te fizicko-mehanicka svojstva (gustoca, sadrzaj vode, debljinsko bubrenje, modul loma, modul ela-
sticnosti i ¢vrstoca raslojavanja) i vrijednosti emisije formaldehida proizvedenih ploca. Upijanje vode i debljinsko
bubrenje u osnovi je smanjeno zbog povecanja udjela ostataka kostica masline. Pri ispitivanju utjecaja udjela
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ostataka kostica masline na ¢vrstocu na savijanje, modul elasticnosti i vlacnu cvrstocu okomito na plocu uoceno je
smanjenje tih vrijednosti ploca, osim pri udjelu ostataka kostica masline od 10 %. Kao rezultat alkalne predobrade
uoceno je povecanje vrijednosti debljinskog bubrenja, ali i povecanje vrijednosti mehanickih svojstava ploca. Re-
zultati pretrazne elektronske mikroskopije (SEM) pokazali su da se s povecanjem udjela ostataka kostica masline
povecava prostor izmedu Cestica. Vrijednosti emisije formaldehida smanjile su se s povecanjem udjela ostataka
kostica masline, ali su blago porasle uz alkalnu predobradu. Na temelju rezultata ovog istrazivanja mozemo za-
kljuciti da se ostatci kostica masline u malom udjelu mogu iskoristiti u proizvodnji ploca iverica.

KLJUCNE RIJECI: ostatci koStica masline, ploca iverica, fizicka i mehanicka svojstva, emisija formaldehida

1 INTRODUCTION
1. UVOD

Particleboards are materials obtained by mixing
wood particles with synthetic adhesives and pressing at
high temperatures and pressure. Their most important
advantages are their low cost, ability to be produced in
the desired thickness and size and high mechanical re-
sistance values (Nishimura, 2015).

Particleboards (PB) are composites that have
been developed with the increasing demand for wood-
based materials and have become the primary raw ma-
terial for furniture production in a short time. Today,
industries such as pulp and thermal energy recovery
plants demand the same type of raw materials as low-
value logs and round or splitting woods used in wood
composite production. This has led to increased com-
petition and the shortage of such wood raw materials
caused their prices to skyrocket. The use of lignocel-
lulosic alternative resources in production of PB will
be an important way out to reduce competition for the
particleboard industry and to avoid problems in the fu-
ture raw material supply -environmentally friendly and
continuous supply at low cost (Trischler, 2016; Bory-
siuk et al., 2019).

In addition to the studies using recycled wood
materials for this purpose (Li et al., 2004; Wang et al.,
2008; Azambuja et al., 2018), the following materials
were also studied: kenaf (Kalaycioglu and Nemli,
2006), kiwi wastes (Nemli et al., 2003), flax and hemp
(Sam-Brew and Smith, 2015), sugarcane bagasse and
green coconut (Fiorelli et al, 2019), bamboo (De
Almeida et al., 2017), rice husk (Nicolao et al., 2020),
pinecones (Buyuksari ef al., 2010) and wood compos-
ites production with lignocellulosic wastes such as
wheat and canola straws (Mo ef al., 2003; Kord et al.,
2016), sunflowers stalks (Tas and Kul, 2020) and wal-
nut shells (Pirayesh et al., 2012). Also, studies were
carried out on the evaluation of wood bark (Blanchet et
al., 2000; Medved et al., 2019) in particleboard pro-
duction. In this respect, studies have been increasing
due to the necessity of using forest resources more ef-
ficiently and lignocellulosic materials being a good al-
ternative for particleboard production.

According to the International Olive Council
(IOC) data of 2021, the total olive oil production in the
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world was 3.1 million tons. European Union countries
are leading in the production of olive oil (about 2 mil-
lion tons). In Turkey, 227500 tons of olive oil is pro-
duced annually, and Turkey is third in olive oil produc-
tion (I0C, 2020).

After the olive squeezing process, 50 % liquid
and 30 % solid waste remains. Solid wastes include
broken olive seeds, squeezed residues, leaves, branch-
es, etc. and the disposal of these wastes other than oil
creates environmental problems (Monteiro et al.,
2009). Organic waste generated during the processing
of agricultural products creates storage problems in
factories, and when mixed with water and soil, it caus-
es serious environmental issues and greenhouse gas
emissions (Sharma et al, 2019). Evaluation of this
waste is necessary economically and to eliminate its
harmful effects on the environment. It has been deter-
mined that OSRs used in various polymer-based com-
posite studies show good physical and mechanical
properties (Ayrilmis and Buyuksari, 2010; Banat and
Fares, 2015; Kaya et al., 2018). Elbir et al. (2012) de-
termined that the use of OSR increased the resistance
to fungal rot in particleboards. It has been determined
that OSRs are especially suitable for particleboards to
be used indoors where they provide the necessary
strength properties (Farag et al., 2020).

Alkaline treatment is one of the most frequently
used methods for modifying the fiber and particle sur-
face and increases the amount of reactive OH groups in
the material (Ndazi et al., 2007a). The hydroxyl groups
increase, and better bonding occurs between lignocel-
lulosic fibers and particles with the alkali pretreatment
process. (Lopattananon ef al., 2008). For this purpose,
alkali pretreatment was applied to OSRs in this study.

In producing wood-based composites, formalde-
hyde-based glues are mostly used due to their various
advantages and ease of use. However, during and after
production, formaldehyde decomposition, which is a
problem in terms of environment and health, occurs in
the produced plates and this process can last for years.
Formaldehyde, depending on the amount to which hu-
mans are exposed (>0.1ppm), causes allergic diseases
such as tearing, irritation of the respiratory system and
mucous membranes, skin disorders, cough, exhaus-
tion, rash, and it can also lead to cancer. For this rea-
son, reducing the amount of free formaldehyde amount
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is an important criterion, especially for the panels used
indoors (Salthammer ef al., 2010; Kim et al., 2011;
Song et al., 2015). This study investigated the possi-
bilities of using OSRs as substitutes for the production
of particleboards.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Production of boards
2.1. Izrada ploca

White Poplar (Populus alba L.) logs with a diam-
eter of 16 cm were used in the production of trial
boards. The OSR used in this study was supplied from
the Pirina A.S. privately owned company in Turkey,
Aydm. Phenol formaldehyde (PF) resin (solid content:
40 %) is a product of Polisan Chemical Factory in Ko-
caeli, Turkey. The PF adhesive was used based on the
oven-dried chip weight. The white poplar logs were at
first debarked. In the rough chipping process, A labora-
tory type, two-blade coarse hacker from Vecoplan-
hacker (Germany) was used. It was then passed through
a Robert Hildebrand (Germany) ring type flaker ma-
chine with six hammers and sixteen knives with a blade
ring. Algemaier (Germany) branded four-stage shaker
sieve was used to sift the resulted particles. Those that
pass through a 3 mm sieve and remain on a 1.5 mm
sieve are in the middle layer, and those that pass
through a 1.5 mm mesh sieve and remain on a 0.5 mm
sieve are sieved to be used in the production of the
outer layer. The sieved particles were dried in an OSR
laboratory type drying oven at 100 °C to 1 % moisture
content. In the gluing process, the glue was sprayed on
the particles with an air gun and the particles were reg-

Table 1 Production conditions of particleboards
Tablica 1. Uvjeti izrade ploca iverica

Target density, g/cm?® / Ciljana gustoca, g/cm® 0.650
Core layer / surface layer, % 60-40
Sredisnji sloj / povrsinski sloj, %

Phenol formaldehyde (surface/core), % 11/9
Fenol-formaldehid (povrsina/sredina), %

Board thickness, mm / Debljina ploce, mm 12
Pressure, kg/cm? / Tlak, kg/cm? 25
Press temperature, °C / Temperatura presanja, °C | 150
Press time, min / Vrijeme presanja, min 6

Table 2 Production scheme of particleboards
Tablica 2. Shema izrade ploca iverica

ularly mixed by hand to achieve a homogeneous glu-
ing. A total of ten boards were produced with two rep-
lications, with dimensions of 550 mm x 550 mm x 12
mm. On the other hand, OSR was used in the middle
layer with and without pre-treatment (NaOH). The
OSR to be pretreated was subjected to 1 % NaOH ex-
traction for 24 hours. Then the particleboards were
conditioned at a temperature of (20£2) °C and (65+5)
% relative air humidity. The specifications for all board
types produced are shown in Tables 1 and 2.

2.2 Chemical properties of wood and OSR
particles

2.2. Kemijska svojstva drva i ostataka kostica
masline

The preparation of the particles for chemical
analysis was carried out in accordance with the TAPPI
T 257 cm-02 (TAPPI, 2002) standard. Wood samples
were ground in a laboratory-type Willey mill. Then,
they were sieved in a vibrating laboratory type sieve
with 40 mesh (425 p) and 60 mesh (250 p) sieves. The
fraction that passed through the 40 mesh sieve and re-
mained on the 60 mesh sieve was used in the analyses.
Finally, the moisture content of the prepared wood
samples was determined. Alcohol-benzene solubility
and ash content tests of the samples were performed
using the standards TAPPI 204-97 (TAPPIL, 2007) and
TAPPI 211 om-02 (TAPPI, 2002), respectively. The pH
values were measured in an extract solution made by 5
g wood flour added to 150-ml distilled water and boiled
for 24 h. The pH values of the filtered solutions were
determined by means of a pH meter (Kalaycioglu et
al., 2005; Colak et al., 2007).

2.3 Physical and mechanical properties
of particleboards

2.3. Fizicka i mehaniCka svojstva ploca

iverica

Moisture (MC) EN 322 (1993), density (D) EN
323 (1993), thickness swelling (TS) EN 317 (1993),
modulus of rupture (MOR) and modulus of elasticity
(MOE) EN 310 (1993) and internal bond strength (IB)
EN 319 (1993) for particleboard samples were deter-
mined. The results were evaluated according to EN
312 (2010) and twenty test samples were prepared for
each test.

Board types Populus Alba particle, % Olive stone reduce, %
Vrsta ploce Populus alba, iverje, % Ostatak koStica masline, %
A 100 -
B 90 10
C 80 20
D 70 30
E 70 30 (treatment)
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2.4 Formaldehyde emission
2.4. Emisija formaldehida

The perforator method (ISO 12460-5, 2015) was
used to determine the formaldehyde emission values
(FE). In this method, free formaldehyde in the board is
determined by extraction. The formaldehyde emission
amounts of the samples were determined by using the
measured absorbance values. The absorbance values of
these solutions were measured photometrically at 412
nm in a UV Spectrometer device.

2.5 Statistical analysis
2.5. Statisticka analiza

SPSS 20 package program was used for the sta-
tistical analysis. One-Way ANOVA (analysis of vari-
ance) was used to evaluate the data obtained from the
experiments. If the effect was significant with the New-
man-Keuls test, the mean values were compared.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Chemical properties
3.1. Kemijska svojstva

Chemical analysis of the samples used are given
in Table 3. According to the results of statistical analy-
sis, the difference between the pH and alcohol-benzene
solubility of the wood samples was found to be statisti-
cally significant (p<0.001). The pH value also in-
creased with the pretreatment of OSRs with basic
NaOH. The pH of the tree species should be between 4
— 5.5 for good adhesion (Cao et al, 2017). The pH
value of the pretreated OSRs was high for production
(6.59). According to the results, it was determined that
the amount of extractive substance of OSRs was much
higher. The results obtained in similar studies show
that olive stones contain high phenolic compounds
(3.56-11.32 mg/g DM) (Erbil ef al., 2012). It has been
determined that the pretreatment application greatly
reduces the amount of extractive material.

Alkali treatment applications remove some ex-
tractives, especially oil and wax compounds, from the
lignocellulosic material (Troedec et al., 2008; Carval-
ho et al., 2010). Previous studies also stated that it can

Table 3 Chemical properties of wood and OSR particles
Tablica 3. Kemijska svojstva drva i ostataka kostica masline

decompose lignin and hemicelluloses under room tem-
perature conditions with alkali treatment (Ndazi et al.,
2007b). It was determined that 1 % NaOH pretreat-
ment did not affect the ash content values, while the
difference in ash content between poplar wood and ol-
ive waste was found to be statistically significant. The
ash content of OSRs was higher than that of white pop-
lar particles.

3.2 Physical and mechanical properties
3.2. Fizicka i mehaniCka svojstva

Average values of physical properties and results
of Newman-Keus analysis are given in Figure 1. It was
determined that MC values varied between 7.71 % and
8.18 %. The M values of the boards comply with the
values specified in the standard. In addition, it was de-
termined that the use of OSR had no effect on the den-
sity of the boards and values close to the targeted den-
sity were obtained.

The amount of thickness swelling (TS) increased
depending on the soaking time of the boards. The lowest
TS values of boards were obtained from the board
groups using 30 % OSR after 2 hours and 24 hours of
water soaking, while the highest values of boards were
determined in the control groups. With the use of OSR
rate of 30 %, there was a 31 % decrease in swelling rates
compared to the control group. Extractives (phenol, tan-
nin, etc.) found in wood reduce the rate of water absorp-
tion as they show water repellent properties (Cameron
and Pizzi, 1986; Baharoglu et al., 2013). In addition, oils
and waxy compounds in wood form a thin film layer and
provide resistance to water (Nasser, 2012).

Swelling the crystalline structure in cellulose
during alkali treatment can facilitate water penetration
into the boards (Gwon et al., 2010). The TS values in-
creased in the alkali pre-treated OSR boards. The
thickness swelling values of the boards were higher
than the standards specified in EN 312 (2010).

Average values of mechanical properties and re-
sults of Newman-keuls analysis are given in Figure 2. It
was determined that 20 % and 30 % OSR negatively
affected MOR, MOE and IB values. There was no sig-
nificant decrease in mechanical properties at 10 % usage
rate. According to the EN 312 (2010) standard, the re-

Chemical properties, %

Olive stone

Olive stone (treatment)

Kemijska svojstva, % facpikelelbalt Kostice masline Kostice masline (tretirane)
pH 5.96 (0.02)* 5.01 (0.21)® 6.59 (0.11)¢
Solubility in alcohol-benzene R . c
topljivost u smjesi alkohola i benzena 2.35(0.20) 24.63 (081) 4.83 (0.43)

Ash / pepeo 1.19 (0.07)* 7.54 (0.14)® 7.47 (0.14)®

* Numbers in parenthesis are standard deviation. Means within a column followed by the same capital letter are not significantly different at 5 %

level of significance

* Brojevi u zagradama standardne su devijacije. Srednje vrijednosti unutar stupca uz koje je navedeno isto veliko slovo ne razlikuju se znacajno

na razini znacajnosti od 5 %.
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Figure 1 Effect of OSR amount on physical properties of
boards

Slika 1. Utjecaj koli¢ine ostataka kostica masline na fizicka
svojstva ploca

quired MOR value for general purpose and interior
equipment such as furniture is 12.5 N/mm? and 13 N/
mm?, respectively, while the MOE value is 1800 N/mm?.

Except for the board group using 30 % OSR
without pre-treatment, all boards meet these require-
ments. According to the EN 312 (EN 2010) standard,
the required IB value for general purpose and interior
equipment such as furniture is 0.28 N/mm? and 0.40 N/
mm?, respectively. In general, all board groups meet
the required IB resistance values. The adhesive proper-
ties are negatively affected by the increase of extrac-
tives in the raw material used, resulting in lower
strength properties. The increase in the amount of
OSRs used in wood composites may adversely affect
the mechanical properties due to the increase of gaps in
the board structure (Aras et al., 2022).

Hashim et al. (2010) determined that particle ge-
ometry is effective in bending and internal bond strength.
With the use of particles with a long and thin geometry
and a uniform structure, the particles provide a better
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Figure 2 Effect of OSR amount on mechanical properties
of boards

Slika 2. Utjecaj koli¢ine ostatka kostica masline na
mehanicka svojstva ploca

bonding contact and more homogeneous structure (Cos-
ereanu et al., 2015). Due to the different geometry and
blunt chip shape of OSR, less adhesion surface may be
provided and internal bonding may decrease.

The high extractive substance content of OSRs,
especially layering oils and waxes, can prevent ade-
quate glue penetration during gluing. The alkaline pre-
treatment is carried out to cause the removal of the oil
and wax layer on the surface, making the surfaces
rough and hydrophilic. The bond strength is affected
by the covalent bonding between the hydroxyl groups
of the wood material and the polar groups of the glue,
as well as the adhesion of the glue by penetrating the
material on the surface (Mo et al., 2001). In addition, it
can be said that the fact that the pH values of OSRs are
higher than the appropriate pH (4-5) for adhesion nega-
tively affects the board properties.

Scanning electron microscopy (SEM) analysis
was carried out to determine the internal microstruc-
ture of the boards and the analysis results are given in
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Figure 3 SEM images of cross-sectional surface of boards: a) control boards, b) particleboard with 10 % OSR, c) particle-
board with 20 % OSR, d) particleboard with 30 % OSR, e) particleboard with 30% OSR-treatment

Slika 3. SEM slike poprecnog presjeka ploca: a) kontrolne ploce, b) ploca iverica s 10 % OSR-a, ¢) ploca iverica s 20 %
OSR-a, d) ploca iverica s 30 % OSR-a, e) ploca iverica s 30 % tretiranog OSR-a
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Figure 4 The effect of OSR amount on formaldehyde
emission of boards

Slika 4. Utjecaj koli¢ine ostataka kostica masline na emisiju
formaldehida ploc¢a

Figure 3. The white arrows in the Figures show the
gaps formed in the boards, while the black arrows
show the OSRs. It seems that with the increase in the
use of OSR, the space ratio in the board increases and
the adhesive bonding decreases. Also, there was less
bonding between particle and lignocellulosic material
in board groups using OSR.

3.3 Formaldehyde emission
3.3. Emisija formaldehida

The effect of using OSR on the FE of the boards is
given in Figure 4. The produced boards have E1 FE
class values (< 8 mg/ 100 g) (ISO 12460-5 2015). The
lowest FE values were obtained from the untreated
board group using 30 % OSR. Hydrolysis-resistant fla-
vonoid methylene bonds are formed after the pressing
process of the boards because of the high content of phe-
nolic compounds in the extractives. Thus, due to the in-
crease in the reactivity of the extractive material, the FE
values are significantly reduced (Pizzi, 1983; Pizzi and
Mittal, 2017). For this reason, if the extractives and ad-
hesives are treated at appropriate rates, it is possible to
get emission values close to the EO and super EO formal-
dehyde classes (Stefani et al., 2008; Navarrete et al.,
2012). In other words, OSR high phenolic compound
content acts as a formaldehyde scavenger. Similar re-
sults were obtained in various studies (Pirayesh et al.,
2013; Bekhta ef al., 2019). On the other hand, FE values
increased in boards produced using pre-treated OSR.
This may be because of the removal of the extractives,
as well as the spectrometric detection of aldehydes
formed due to alkaline pretreatment.

4 CONCLUSIONS
4. ZAKLJUCAK

This study aimed to create an alternative raw ma-
terial source by evaluating OSRs, which have a signifi-
cant waste potential in particleboard production. It was

determined that the obtained results are suitable for
producing particleboards with PF. With the increase in
OSR addition to the boards, dimensional stability in-
creased while formaldehyde emission decreased. How-
ever, increasing the amount of OSR affected the me-
chanical properties negatively. There was no significant
change in mechanical properties when using 10 %
OSR. The results showed that OSR could be used as an
alternative raw material in particleboard production.
The use of such lignocellulosic materials may be nec-
essary as an alternative to declining forest resources.
Also, using these waste materials with no industrial
value can contribute to environmental development.
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ABSTRACT e The main goal of the study is to produce eco-friendly furniture dyes by using bio-colorants and to
determine the color stability of these dyes in outdoor conditions. In this regard, dye extracts obtained from red beet
(Beta vulgaris), safflower (Carthamus tinctorius L.), and purple cabbage (Brassica oleracea), as a bio-colorant
source, were applied to MDF test panels by mixing with water-based synthetic lacquer coatings. Also, three differ-
ent synthetic dyes were applied to MDF test panels in order to compare the results with eco-friendly natural dyes.
Natural dyes were mixed with metal and natural mordants such as iron sulfate, aluminum sulfate and vinegar.
Lacquer coated test panels, coated with natural and synthetic dyes, were exposed to outdoor conditions for 50 days
in Denizli/Turkey in order to assess the change in color. As a result, the maximum color stability occurred in the
test panels lacquer coated with synthetic black dye, while the minimum color stability occurred in the test panels
lacquer coated with synthetic light blue dye. It was determined that the thickness of the color coating layer applied
to test panels increases color stability. It was also observed that the color stability performance of natural dyes is
as good as that of synthetic dyes.

KEYWORDS: fiurniture industry, lacquer coating, natural dyes, weathering, color changes

SAZETAK ° Glavni cilj istrazivanja bio je proizvesti ekoloski prihvatljiva bojila za namjestaj upotrebom prirod-
nih bojila te utvrditi postojanost boje tih bojila u vanjskim uvjetima. Kao izvor bojila upotrijebljeni su ekstrakti do-
biveni iz cikle (Beta vulgaris), Safranike (Carthamus tinctorius L.) i crvenog kupusa (Brassica oleracea), koji su se
nakon mijesanja s vodenim lakovima nanosili na MDF ploce. Osim toga, na MDF ploce nanesena su i tri razlicita
sinteticka bojila radi usporedbe s rezultatima ekoloski prihvatljivih prirodnih bojila. Prirodna su se bojila mijesala
s metalnim i prirodnim fiksatorima kao sto su zeljezov sulfat, aluminijev sulfat i ocat. Ploce lakirane prirodnim i
sintetskim bojilima 50 dana su izlozene vanjskim vremenskim uvjetima u Denziliju, u Turskoj, kako bi se utvrdila
promjena boje. Rezultati su pokazali da je najveca stabilnost boje postignuta na ispitnim plocama lakiranima
sintetskim crnim bojilom, a najmanju stabilnost boje pokazale su ispitne ploce lakirane sintetskim svjetloplavim

! Authors are researchers at Mugla Sitki Kocman University, Faculty of Technology, Department of Woodworking Industrial Engineering, Mugla, Turkey. https://
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bojilom. Utvrdeno je da debljina filma premaza nanesenoga na ispitne ploce poveéava stabilnost boje. Takoder je
uoceno da je stabilnost boje prirodnih bojila jednako dobra kao i stabilnost sintetskih bojila.

KLJUCNE RIJECI: proizvodnja namjestaja, lak, prirodna bojila, izlaganje vremenskim uvjetima, promjene boje

1 INTRODUCTION
1. UVOD

People are exposed to numerous types of pollut-
ants such as volatile organic compounds (VOCs) in
modern environment. VOCs are generally composed
of typical solvents such as ethylbenzene, glycol ethers,
methanol, methyl ketone, methyl isobutyl ketone, tolu-
ene and xylene and are counted among the most impor-
tant chemicals lowering the indoor and outdoor air
quality. Solvents dissolve dyes (Singh et al., 2016).
However, they can lead to nausea, headache, irritation
of eyes, nose and throat, allergy, mucosa membrane ir-
ritation, malaise, drowsiness, asthma, dermatitis, aller-
gic rhinitis, pneumonia, allergy, fertility and develop-
ment problems, kidney, lung and cardio damages, and
even cause cancer on humans (Dalsan, 2021). Accord-
ing to Salthammer (1998), about 150 distinct VOCs are
utilized in the wood treatment and coating business.
Lacquer coated furniture and other colored wood-
based products are among the important sources of
VOCs (WHO, 1987; Ucgun,1998; Tong et al., 2019).
These solvents have been proven to even induce mis-
carriages in expectant mothers, birth deformities, and
learning problems to children (Wolfe, 2021). Addition-
ally, children are particularly undefended to the effects
of VOCs due to their relatively high respiratory rates,
immature immune systems, close proximity to the
ground, and their preference for mouth breathing over
nasal breathing.

Eco-friendly bio-colorants obtained from biolog-
ical sources do not contain VOCs. Bio-colorants are
mainly made of pigments such as anthocyanidin, carot-
enoids, etc. In the past few years, based on the con-
sumer preference as well as legislative action, the
availability and use of bio-colorants has greatly in-
creased (Zhu et al., 2021), which has continued the del-
isting of approved artificial dyes (Grill ez al., 2014).
The current consumers prefer bio-colorants because
they are healthier and are products of higher quality.

As a result of rising VOC emissions and their
negative effects on air quality, Tong et al. (2019) of-
fered to use cleaner dyes such as waterborne dyes and
green coatings that can avoid the evaporation of a large
amount of solvents discharged to the atmosphere.
Green Peace efforts do not only affect private behavior
but also the behavior of the major cities and businesses.
So, the importance of using natural sources and aes-
thetic products increases day by day (Salthammer et
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al., 2002; Bechtold et al., 2007). Recently, there has
been an increased interest in natural dyes on a global
scale due to public awareness of their therapeutic and
medical capabilities and the benefits they provide, as
well as the widely acknowledged extreme toxicity of
synthetic colors. Natural dyes are those that exist in
nature, like plants, insects, animals, and minerals. Of
all natural colors, most people favor plant-based color-
ants due to their medicinal properties (Chaitanya,
2014). The first technological advances have been
made recently to bring natural dyes, pigments, and col-
orants to a more industrial scale, both in Europe and
elsewhere in the world (Cardon, 2010).

In the recent years, efforts have been made to re-
duce and control indoor air pollution caused by furni-
ture and wood-based product painting. The use of natu-
ral dyes is one of the alternative approaches to this
problem. These dyes are made from plants and animals
that have non-toxic, non-carcinogenic and biodegrad-
able features. There are some studies about developing
environmentally friendly wood stains obtained from
natural dye plants. In this regard, plant colorants such
as laurel (Laurus nobilis L.), oleander (Nerium Olean-
der L.) (Goktas et al., 2009b), walnut shell (Juglans
regia) (Goktas et al. 2008), madder root (Rubia tincto-
rium L.) (Goktas et al., 2009a), have been investigated
for their eligibility in wooden products and color sta-
bility of wood samples. Peker et al. (2013) studied the
“Usage opportunities of natural dye extracted from
acorn (Quercus ithaburensis Decaisne) in furniture in-
dustry upper surface treatment”. Ozen et al. (2014)
used Punica granatum and Morus nigra extracts as
natural dyes for wood material and investigated their
ability to color the materials. Goktas et al. (2015) in-
vestigated walnut husk on wood materials and deter-
mined the leaching performance of bio-based natural
dyes. Yeniocak et al. (2015) studied the use of red beet-
root (Beta vulgaris) on a natural color wood and deter-
mined its color stability under UV exposure. Yeniocak
et al. (2017) also determined the impact of liquid glass
(Si0,) on natural dye-stained wood capacity to main-
tain its color. Velho et al. (2017) studied natural dyes
and investigated their structure and use in polymers.
Zhu et al. (2021) studied “staining of wood veneers
with anti-UV property using the natural dye extracted
from Dalbergia cohinchinensis”.

In this study, the main goal is to use bio-colorants
as an alternative to lacquer coating, which is used to
manufacture babies and children’s furniture. Currently,
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there is limited information about the natural weather-
ing color resistance of plant-based dyes applied on
MDF panels. Natural weathering is the most precise
way for examining coating durability and properties as
they would be expected to be used in the actual build-
ing (Griill ez al. 2014). The aim of this study is to deter-
mine the usability of natural dyes obtained from red
beetroot (Beta vulgaris L.), safflower (Carthamus tinc-
torius L.), and purple cabbage (Brassica oleracea),
which are VOCs free extracts used as eco-friendly col-
orants in painting of MDF panels, and evaluate their
resistance to outdoor conditions.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 MDF boards
2.1. MDF ploce

MDF material is used as a substrate in the pro-
duction of most children’s room lacquered furniture.
The easy processing of MDF material, its dimensional
change stability and its compatibility with lacquer
coating were the main reasons for its selection for tests
samples. In this study, E1 quality MDF (Camsan / Tur-
key) samples for all tests were prepared in dimensions
of 100 mm x 100 mm x 10 mm. For each treatment
group, five test samples were prepared.

2.2 Natural Colorants
2.2. Prirodna bojila
2.2.1 Red beetroot
2.2.1. Cikla

The Amaranthaceae family of plants, which in-
cludes red beets (Beta vulgaris L.), is one of the ten
foods with the highest antioxidant properties. The phe-
nolic elements, especially the betalains, named red
beets, have antioxidant properties. Red beets are water-
soluble and have nitrogen-containing color pigments
known as betalains. Betalains are divided into two
groups - betacyanins and betaxanthins. While betaxan-
thins have yellow-orange color pigments, betacyanins
have red-purple cabbage color pigments. This diversity
results from the various chemical structures and meth-
ods of synthesis. They are very good at retaining free
radicals and preventing disorders linked to oxidative
stress because of their significant antioxidant action.
Additionally, due to their eligibility for use over a wide
pH range (3-7) and their ability to naturally produce
the correct hue, betalains can also be used as food col-
oring. Red beetroots, as natural colorants, were pro-
cured from the local market in Mugla, Turkey.

2.2.2 §afflower
2.2.2. Safranika

Safflower (Carthamus tinctorius L.) is an annual
oil plant also known as false saffron, parrot food, or

painter’s safflower. It is an herbaceous plant belonging
to the genus Carthamus. Safflower, which can be 60 to
70 centimeters tall, blooms yellow, red and orange
flowers in July and September, depending on the vari-
ety (Karadag, 2007). It contains a dyestuff called
carthamin, which is used as herbal medicine, and in
food, paint, varnish, and cosmetics industries. Safflow-
er, as a natural colorant, was procured from the local
market in Mugla, Turkey.

2.2.3 Purple cabbage
2.2.3. Crveni kupus

Purple cabbage (Brassica oleracea) is a cabbage
variety of the cruciferous family with large and thick
layers of red and purple leaves, grown as an autumn
vegetable. It usually turns blue when cooked. In order
to preserve its red color, vinegar or an acidic fruit is
added to it. Purple cabbage is a suitable food colorant.
Purple cabbage exhibits a wide range of colors, from
red to blue. depending on the pH of the medium (Ah-
madiani et al., 2014). Purple cabbage, as a natural col-
orant, was procured from the local market in Mugla,
Turkey.

2.2.4 Synthetic colorants
2.2.4. Sintetska bojila

In this study, three different synthetic dyes were
also used to compare their behavior with bio colorants.
They were, namely: black acrylic dye (Cassati Co.),
blue synthetic dye and light blue synthetic dye (Izosan
Co.). Bio-colorants were used for the coloration of a
synthetic white water-based lacquer dye (Hydrolack-
Dewilux DYO Co./ Turkey) for top surface coating.

2.3 Mordant agents
2.3. Fiksatori

Mordants agents were used to get efficient chem-
ical bonding of dye on wood material and to provide
colorization. Mordant agents were iron (III) sulfate
(Fe,(SO,),.7TH,O (technical grade 96 percent purity
(Merck)), Aluminum Sulfate, Octadecahydrate
(AL(SO,),.18H,0 (puriss. p.a. Fluka / Kimetsan Co.)
and grape vinegar (Fersan Co).

2.4 Preparation of dyestuff
2.4. Priprema sredstva za bojenje

The preparation of the dyestuff was carried out
by the authors according to the optimum conditions
during the experimental process. Distilled water was
used to extract the dry plant materials. A pot was used
to exact the plant materials with the 1:10 g mass ratio
of plant material to liquid water volume. The extraction
process was completed in 60 minutes at the water boil-
ing temperature of approximately 100 °C and the mix-
tures were stirred manually. Manual stirring during the
extraction period was sufficient to distribute the plant
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material throughout the liquid due to the high liquor
ratio. Make up water was added at the end of the ex-
traction process to restore the beginning water volume.

Application conditions of colorants and mordant
ratios are given in Table 1. Aqueous solutions were
mordaned with 3 % iron (III) sulfate, 5 % aluminum
sulfate and 10 % grape vinegar to ensure that the ex-
tracted dyes adhered to the applied substrate (to in-
crease retention amount), stabilize their color, and pro-
duce color alternatives.

2.5 Dyeing test samples
2.5. Bojenje uzoraka

Natural dye solutions (20 g) were mixed with
water-based lacquer dye (100 g) to get top coating col-
oration. Then mordants were added to the mixtures for
the final application of MDF test samples. In order to
measure the efficiency of mordants, some coated MDF
samples were prepared without adding mordant. Natu-
ral dyes and mordants mixtures were added to water-
based lacquer dye and then applied to MDF test sam-
ples by air pressure spray gun. The ratios of mixture
are given in Table 1. In the study, two opaque paint

Table 1 Application ratios of dyes and mordants
Tablica 1. Omjeri bojila i fiksatora pri nanosenju

coating layers were applied to the test samples. One of
them was the base coat and the other was the top coat.
The average thickness of the base coat was 0.20 mm
and the average thickness of the top coat was 0.08 mm.
Between the base and the top layer coating, 220 grit
sandpaper was used for surface levelling. After the
primer and top coat painting application process, the
samples were kept at room temperature for 24 hours to
dry. For each test group, five pieces were used.

2.6 Natural Weathering
2.6. lzlaganje prirodnim vremenskim uvjetima

Outdoor weathering tests were carried out in
Denizli / Turkey (28° 30°—29° 30’ E”;37° 12— 38°12°
N”, at 354 m above sea level) for 50 days from July 8,
2018 to August 26, 2018. Denizli weather condition
data was provided from the meteorology department in
Denizli. Table 2 displays the meteorological conditions
during the weathering processes. In accordance with
EN 927-3 (2012), the samples were put roughly 1 m
above the ground, exposed to external circumstances,
at 45° inclinations and facing south. Prior to the meas-
urements, the samples were stabilized at a temperature

e, | e Natural Synthetic
colorant ratio, | colorant ratio, ...
.. Mordants % quer Repetition
Colorants / Bojila Fiksatori Omjeri, | dye, g s % Ponavljanje
% ’ la k’ 3 Omyjer prirodnog | Omjer sintetskog
’ bojila, % bojila, %
Control 0
kontrolni uzorak
iron (I1) sulfate
Red beetroot ) zeljezov (I11) sulfat 3
cikla (Beta vulgaris) Aluminum sulfate
aluminijev sulfat >
Vinegar / ocat 10
Control 0
kontrolni uzorak
Safflower iron (III) sulfate 3
Safranika (Carthamus zeljezov (I11) sulfat 20
tinctorius L.) Aluminum sulfate 5
aluminijev sulfat
Vinegar / ocat 10 100 5
Control 0
kontrolni uzorak
Purple cabbage iron (III) sulfate 3
crveni kupus zeljezov (111) sulfat
(Brassica oleracea) Aluminum sulfate 5
aluminijev sulfat
Vinegar / ocat 10
Synthetic colorant (black)
sintetsko bojilo (crno) ) )
Synthetic colorant (light blue) i i 20
sintetsko bojilo (svjetloplavo)
Synthetic colorant (blue)
sintetsko bojilo (plavo) ) )
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Table 2 An overview of on-site weather conditions during exposure

Tablica 2. Pregled mjesnih vremenskih uvjeta tijekom izlaganja

Denizli / Turkey 2018 July / Srpanj | August / Kolovoz

Average temperature, °C / prosjecna temperatura, °C 27.6 27
Highest temperature, °C / najvisa temperatura, °C 43.9 44.4
Lowest temperature, °C / najniza temperatura, °C 12.6 11.6
Average rainy days / prosjecan broj kisnih dana 2.5 2
Average monthly total rainfall, mm

S S s . 13.0 8.4
prosjecna mjesecna kolicina oborina, mm

of (20+2) °C and a relative humidity of 65 %. Table 2
provides an overview of the weather patterns for 50
days of weather conditions.

Following the process of natural weathering, the
color variables L*, a*, and b* were identified. A color-
imeter was used to gauge the specimen hues both be-
fore and after weathering. According to CIELab
(1986), color and gloss characteristics of the test panels
were assessed using a spectrophotometer 600d (Konica
Minolta, Japan). The apparatus was set up with a D65
light source and a 10° observation angle (ISO 2470,
CIELab-76). The CIEL *a*b* method was used to de-
termine these factors, where the L* axis denotes light-
ness, while the a* and b* axes denote chromaticity
coordinates. In this method, the +a* factors indicate
red color, the -a* factors represent green color, the +5*
factors represent yellow color, and the -b* factors rep-
resent blue color. The L* value ranges from 0 (black) to
100 (white). Each specimen had its parameters L*, a*,
and b* as well as gloss measured at the start of the ex-
periment and 50 days afterwards. For each treatment
group, five duplicates were produced. Before and after
natural weathering, color measurements of the test
samples were made from a single point.

The following equation was used to determine the
total color changes in accordance with CIElab (1986):

Aa*=a*—a* 2)
Ab* =b*—b* 3)
AL* =L*-L* 4)

AE* = ®)

Where Aa*, Ab*, and AL* represent the changes
between the initial and final interval values. AE* repre-
sents the total surface color change of the tested panels.

2.7 Statistical analysis
2.7. StatistiCka analiza

Based on the measurements obtained, the results
were examined using the statistical software SPSS.
The variance analysis was carried out once the test data
were uploaded to the computer. The Duncan test was
performed at a 95 % statistical confidence level. The
homogeneity groups (HG) of experimental data were
used for the statistical analysis. The difference that can
be deemed statistically significant is denoted by a dif-
ferent letter in HG.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Color changes
3.1. Promjene boje

The descriptive statistical values of the weather-
ing performances of MDF test panels that were coated
with natural dye stuffs and synthetic paints are given in
Table 3.

According to Table 3, the highest total color
change (AE*=29.912) was observed on the MDF test
panels colored by synthetic light blue paint. The lowest
(AE*0.388) color change was observed on the test pan-
els colored with synthetic black paint. In terms of the
layer thicknesses of the synthetic dyes applied to the test
piece surfaces, the black, blue and light blue synthetic
dyes thicknesses were measured as 0.10 mm, 0.09 mm
and 0.06 mm, respectively. These results showed that
there is a positive relationship between the layer thick-
ness of the dye and its color stability. It has been esti-
mated that the reason for the greater color change in
synthetic light blue paint than in natural dyes is due to
the diluted and reduced thin layers. The synthetic black
dye has the lowest color change value as expected, be-
cause synthetic dyes contain more chemical substances
that increase color resistance. The same observations
were made by other researchers. Griill et al. (2011,
2014) reported that, for the same coating materials, in all
cases darker pigmentation and higher film thickness led
to higher durability during artificial and natural weather-
ing. When comparing the bio and synthetic colorants in
general, it is seen that the color change values of the
synthetic colorants are small, except for the light blue
paint. It is believed that the low color change values in
synthetic dyes is the consequence of protective sub-
stances already present in them.

When the color change values of the plants are
compared with each other, it is seen that samples dyed
with safflower, red beetroot and purple cabbage pigment
have AE*=15.58, 3.71 and 3.08, respectively. Exposure
to the harsh conditions of the external environment has
also been a major reason for the color change observed
in the case of natural colorants in this study. The high
color changes obtained from these plant-based bio-col-
orants compared to synthetic colorants can be seen as a
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Table 3 Color changes of MDF panels exposed to a 50-day outdoor weathering

Tablica 3. Promjene boje MDF ploca izlozenih 50 dana vanjskim vremenskim uvjetima

Mor- Before weathering test After 50 days of natural weathering test
Colorants dants | Prije izlaganja vremenskim Nakon 50 dana izlaganja prirodnim
Bojila Fiksa- uvjetima vremenskim uvjetima
tori L a b AL’ Aa’ Ab* AE" SD | P (p<0.05)
Ce 89.8 -2.4 20 4.0 2.8 -16.7 17.4025 | 0.55
Safflower* NG 84.7 -0.6 14 7.54 0.7 -8.5 11.406" | 0.53
Safranika® ASP 90.8 -2.6 19.3 3.46 1.7 -16.3 16.7924 | 0.25
\%& 90.9 -2.9 19 304 1.9 -16.4 16.754 % | 0.41
Ce 91.9 -1.0 3.1 1.7 0.4 -0.8 1.886° | 0.24
Purple cabbage® IS4 88.0 -1.5 2.1 4.4 1.8 2.6 5.388¢ | 0.17
cikla® AS* 91.3 -1.0 2.5 2.8 0.2 -0.1 2.800¢ | 0.20
\%& 91.2 -0.9 2.9 2.0 0.1 -1.0 2.268¢ | 0.12
(o 92.0 -0.3 5.9 1.36 -0.6 -3.2 3.700¢ | 0.24 %
Red beetroot® NG 87.8 0.3 7.1 1.84 0.9 1.6 2.690¢ | 0.14
crveni kupus® AS* 91.5 -0.3 6.7 1.6 -0.5 -.36 3.954¢ | 0.21
\& 91.9 -0.6 6.8 1.86 -0.2 -4.0 45027 | 0.66
SP (black)® .
SP (crno)* - 23.7 -0.8 0 0 0.2 0.3 0.388 0.14
SP (light blue)
SP (svjetloplavo)* - 53.5 0.8 -17.4 26.4 2.1 13.9 29.912% | 0.62
SP (blue)? .
SP (plavo)’ - 84.0 -1.5 0.7 0.1 0.5 -0.4 0.724 0.33

C — Control (without mordant), IS — Iron (III) sulfate, As — Aluminum sulfate, V — Vinegar, SP — Synthetic Paint; *><¢¢ values having the same
letter are not significantly different and vice versa (for Tukey test); SD — Standard deviation; *Significance level of 0.05 (for ANOVA)

C — kontrolni uzorak (bez fiksatora), IS — Zeljezov (I1l) sulfat, As — aluminijev sulfat, V — ocat, SP — sintetsko bojilo,; ***%¢ vrijednosti koje im-
aju isto slovo nisu znacajno razlicite, i obrnuto (Tukey test); SD — standardna devijacija; * razina znacajnosti od 0,05 (ANOVA)

negative phenomenon. However, a lower color change
can be expected if these bio-colorants are primarily used
in interior furniture and wood-based products.

The highest color change observed for safflower
dyes is in line with literature data. This feature is linked
to the chromophore Carthamin’s weak light fastness
and great susceptibility to pH and oxygen (Obara and
Onodera, 1979), which causes complete deterioration
of historical fabrics.

Beetroot is reported to be a source of natural col-
orants but its color stability can be an obstacle for in-
dustry use. Betacyanins, like other naturally occurring
plant pigments, have low stability, low tinctorial, and
are prone to color fading during processing and storage,
which restricts their development and use (Nistor et al.,
2017). The presence of betalains, one of the natural
color pigments, and anthocyanins in beetroot can be
used to explain the discoloration (Saenz et al., 2012). It
was also underlined that there are several sorts of pro-
cesses in which betalains might degrade. Isomerization,
deglycosylation, hydrolysis, decarboxylation, and de-
hydrogenation reactions are some of these processes.
Different chromatic and structural alterations in beta-
lains result from each reaction (Herbach et al., 20006). It
has been noted that light, oxygen, water activity, pH,
and temperature have a significant impact on the stabil-
ity of betalains. Betalains degraded more rapidly than
anticipated when temperature and time increased
(Giineser, 2016). According to Delgado et al. (2000),
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the concentration of pigments, pH and water activity,
oxygen, light, metallic ions, enzymes, temperature, and
the duration and circumstances of processing and stor-
age are the main variables determining the durability of
natural colorants in foods. Using the beetroot plant as a
natural colorant in outdoor furniture and wood-based
products can bring disadvantages in terms of color
change. However, it is expected that this colorant can be
used with less color change for interior products.

Considering the color change of mordants, the
color changes are developed from the highest to the
lowest in aluminum sulfate, vinegar, control (without
mordant) and iron sulfate, respectively. However, ex-
cept for iron (III) sulfate, the other three mordant op-
tions were in the same homogeneity group. This result
shows that mordants are not necessary to provide color
stability, except for color options, which is an advan-
tage. There are studies in the literature about coloring
wood material with natural dyes that were mixed with
metal mordants (Goktas et al., 2009a, Goktas et al.,
2009b, Yeniocak et al., 2017). They used iron (III) sul-
fate and aluminum sulfate as metal and vinegar as nat-
ural mordant. No negative effects of metal mordants on
color change were observed in the above studies. The
fact that the negative effects of metal mordants on
color change were not observed in those studies are in
line with this study. The fact that mordants do not have
negative effects on color change is an advantage as this
provides more color combinations.
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4 CONCLUSIONS
4. ZAKLJUCAK

This paper investigated the usability of natural
plants as colorants that are eco-friendly products for
furniture industry in the lacquer coating of MDF and
their color stability resistance in outdoor weather con-
ditions. The weathering performance of MDF test pan-
els coated with natural dye stuffs and synthetic dyes
was examined so that the panels were exposed to a 50-
day outdoor weathering and then the color factors, L*,
a*, b* and AE* were determined.

The highest color change (AE*=29.91) was ob-
served on the MDF test panels colored by synthetic light
blue paint. The lowest color change (AE*=0.38) was ob-
served on the test panels colored with synthetic black
paint. In this case, there is a positive relationship between
the layer thickness of the paint and its color stability. In
other words, the increase in the layer thickness also con-
tributes to the increase in the color change resistance.

The color change in mordants is arranged from
the highest to the lowest as aluminum sulfate, vinegar,
control (without mordant) and iron sulfate, respective-
ly. However, except for iron (III) sulfate, the other
three mordant options were in the same homogeneity
group. This result showed mordants are not necessary
in terms of color stability, except for color options,
which is quite an advantage.

To conclude, this paper suggests that the use of
sustainable and environmentally friendly products in
the furniture industry may decrease the load in one of
the major pollution discharge issues. The main prob-
lem here is that synthetic dyes contain compounds that
are harmful to the environment and human health. The
aim of this study was to use natural colorants instead of
synthetic colorants, which are harmful to both human
beings and the environment. VOCs cannot be com-
pletely avoided because the basic coating material used
is still a synthetic material. However, only substances
harmful to the environment and human health, brought
into living environments by means of synthetic color-
ants, have been eliminated. In other words, by using
natural dyes as an alternative in the coloring process in
furniture industry, only the hazardous chemicals that
originate from synthetic colorants can be eliminated. In
this sense, the development of colorants and coatings
that are completely free of harmful chemicals should
be the target of future studies for the furniture industry.
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ABSTRACT e This study aimed to improve some surface properties such as color, gloss, and surface roughness
changes of Oriental beech (Fagus orientalis L.) wood impregnated with some water repellent chemicals such as
glycerol (GR) and glyoxal (GX) after weathering. Oriental beech wood specimens were impregnated with a 4 %
aqueous solution of GR, GX, and a mixture of GR and GX (1:1,; weight : weight) (GR+GX) and then exposed to
weathering in Mugla Province in Turkey. Results showed that AL* values of all wood specimens were decreased
after weathering. Moreover, the decreases in the control specimen were higher than in the impregnated wood
specimens. Oriental beech wood specimens showed a greenish and yellowish tendency, giving -Aa* and +Ab*
values, respectively. Total color changes of GR impregnated Oriental beech was the lowest after weathering. The
gloss of all Oriental beech test specimens decreased after weathering. The control specimen gave the lowest value
in all three surface roughness parameters (R, R_and R q) after weathering. Among the impregnated specimens, the
groups impregnated with GR had, in general, the highest value in all three roughness degrees and showed the most
negative results in surface roughness.

KEYWORDS: glycerol, glyoxal, oriental beech, surface properties, impregnation

SAZETAK « Cilj ovog istrazivanja bilo je poboljsanje nekih svojstava, npr. promjene boje, sjaja i hrapavosti po-
vrsine drva kavkaske bukve (Fagus orientalis L.) impregnirane vodoodbojnim kemikalija kao Sto su glicerol (GR)
i glioksal (GX) nakon izlaganja vremenskim utjecajima. Uzorci drva kavkaske bukve impregnirani su 4 %-tnom
vodenom otopinom glicerola, glioksala i mjesavine glicerola i glioksala (1 : 1; v : v) (GR + GX) te su zatim izlo-
zeni vremenskim uvjetima u provinciji Mugla u Turskoj. Rezultati su pokazali da su vrijednosti AL* svojstava svih
uzoraka drva nakon izlaganja vremenskim uvjetima smanjene. Nadalje, smanjenje tih vrijednosti na kontrolnim
Jje uzorcima bilo vece nego na impregniranima. Uzorci drva kavkaske bukve pokazali su tendenciju povecanja
zelenoga (-Aa*) i zZutog tona (+Ab*). Nakon izlaganja vremenskim utjecajima ukupne promjene boje ispitivanog
drva kavkaske bukve impregniranoga glicerolom bile su najmanje. Sjaj svih uzoraka ispitivanog drva smanjio se
nakon izlaganja vremenskim utjecajima. Pri izlaganju vremenskim uvjetima i nakon toga kontrolni je uzorak imao
najmanju hrapavost povrsine za sva tri parametra hrapavosti (Ra, Rz i Rq). Od impregniranih uzoraka najvece

! Author is researcher at Aydin Adnan Menderes University, Aydin Vocational School, Department of Interior Design, Aydin, Turkey. https://orcid.org/0000-0003-
1286-8600
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vrijednosti svih triju parametara hrapavosti imali su uzorci impregnirani glicerolom, koji su pokazali i najlosije

rezultate hrapavosti povrsine.

KLJUCNE RIJECI: glicerol, glioksal, drvo kavkaske bukve, svojstva povrsine, impregnacija

1 INTRODUCTION
1. UVOD

Many elements add value to wood, which is a re-
newable resource. Wood is environmentally friendly,
widely available, has low energy consumption during
preparation, good heat and sound insulation, superior
weight/resistance ratio compared to other building ma-
terials (Tomak, 2011). As a result of all these features,
wooden material has found thousands of uses from past
to present (Bozkurt and Goker, 1996). Although wood
material has all these positive features, it also has some
undesirable negative features. For wood material, out-
door conditions are one of these negative features; in
other words, «weatheringy is seen as an important risk
factor. Weathering is defined as the color change, sur-
face roughness, and cracks that occur on the surface
with the effect of sunlight (UV), humidity (rain and
snow), and temperature. As a result of these effects,
some changes occur in the color, chemical, and physi-
cal structure of the wood material (Feist and Hon,
1984; Williams, 2005; Kilig and Hafizoglu, 2009).
Since untreated wood material does not have a resistant
structure against weathering, wood impregnation is
highly recommended. Although wood species with
high biological durability remain intact for many years
at the place of use, tree species with low biological du-
rability must be impregnated to increase their lifetime
(Kartal and Imamura, 2004). The negative properties
of wood material can be reduced with some protective
measures and impregnation techniques. The wood ma-
terial can become resistant to these effects to some ex-
tent with precautions that can be taken without the use
of chemicals, but if the risk factors are severe and con-
tinuous, chemical measures are needed (Kartal and
Imamura, 2004).

Chemicals containing toxic biocides such as ar-
senic and chromium in their compositions have nega-
tive effects on the environment at the point of disposal
of wood materials that have completed their useful life,
as well as their toxicity during the life of wood, and
this causes environmental pressures (Gezer, 2003; Hu-
mar et al., 2005). The use of arsenic-containing CCA
wood material and its re-use while at rest have been
limited since 2003 by the Waste Management and Reg-
ulatory Authority (PMRA) in Canada and the Environ-
mental Protection Organization (EPA) in the United
States, and this decision has been made by the Euro-
pean Union Countries and Western European Wood
Protection Agency. It has also been accepted by the
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Institute (WEI-IEO) (Gezer, 2003; Tomak, 2011). Ac-
cording to the studies of the Forest Products Labora-
tory (FPL) in the U.S. state of Wisconsin, based on
average 30-year service life, approximately 6 million
m? of impregnated solid wood is involved in the solid
waste cycle (Humar et al., 2005). The evaluation or
disposal of such a large amount of impregnated wood
material that has completed its service life requires se-
rious and costly studies (Felton and De Groot, 1996).
Considering all these problems and increasing environ-
mental concerns in recent decades, the use of impreg-
nation materials that have toxic effects on the environ-
ment, humans, and all living things has been limited
and the wood protection industry has been compelled
to develop new and environmentally friendly alterna-
tives of impregnation methods (Kartal and Imamura,
2004). Newly developed impregnation agents include
boron compounds, alkyl ammonium compounds
(quats), and copper-based systems. In addition, there
are isothiazolinone, chlorothalonil, thiazole, carba-
mate, triazole, copper naphthenate, and oxine copper
and water repellent substances among the oily impreg-
nation substances (Kartal and Imamura, 2004).

Water repellents are intended to control or pre-
vent the water uptake of wood. By creating a water-
repellent barrier in the wood, the water uptake rate can
be significantly reduced. Depending on the materials
used and their amounts, water-repellent substances fill
the cell spaces and are stored on the outer surfaces and
partially on the inner surfaces. Thus, the wood surface
shows hydrophobic properties, and the water uptake
rate is reduced (Koski, 2008). Specimens impregnated
with water-repellent substances, when exposed to wa-
ter, swell over time like untreated wood. However, the
swelling time is 5-6 times longer than that of normal
wood (Yildiz, 1988). Although water repellants do not
completely reduce water absorption, they are one of
the most effective materials for using wood in outdoor
conditions. Water-repellent substances protect the
wood against fungi and discoloration by reducing the
amount of moisture needed for the growth of fungi and
microorganisms in the wood (Williams and Feist,
1999). Temiz et al., (2007) determined that the impreg-
nation of wood surfaces with linseed and tall oil re-
duced the color change caused by external weather
conditions and the leaching of lignin with rainwater.
Hansmann et al., (2006) stated that wood impregnated
with different melamine-formaldehyde resins after ac-
celerated weathering showed a more positive effect in
terms of color stability compared to the control speci-
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men. In this study, glycerol and glyoxal were preferred
as water repellents. The chemical company Sigma Al-
drich supplied the glycerol (GR; 99.5%) and glyoxal
(GX; 40 wt% in H,O) used as chemicals to resist water.
A substance called glycerol (GR) has three functional
groups that can interact with carboxylic acids to gener-
ate ester linkages. The dialdehyde glyoxal (GX), which
has two aldehyde groups, is extremely reactive. Gly-
oxal is one of the intriguing dialdehydes as a crosslink-
ing agent for wood in relation to the issue of formalde-
hyde release (Nakano, 1993).Glycerol finds use in a
wide range of areas, depending on the purity of the
glycerine produced by the breakdown of triglycerides.
It can also be used as a paint and resin additive and
antifreeze raw material. It is a sugar alcohol, and the
hydrophilic alcoholic hydroxyl groups it contains al-
low it to dissolve easily in water. It has a high boiling
point. It is used as a consistency and viscosity regula-
tor, brightener, moisture retainer in industry and is one
of the main inputs in many industrial chemicals. In ad-
dition, it has anti-freeze properties (Beser Kimya,
2022). On the other hand, Glyoxal is a linear aliphatic
dialdehyde containing two aldehyde groups, and it par-
ticipates in the synthesis of glyoxylic acid. It can be
prepared by oxidizing ethanol or acetaldehyde with ni-
tric acid. It is very commonly used in textile and paper
production (Merck, 2022).

This study investigated the changes in color,
gloss, and surface roughness that occur as a result of
exposure of Oriental beech test specimens impregnated
with glycerol and glyoxal to natural-weathering condi-
tions for 1 month. Furthermore, glycerol and glyoxal
are impregnating agents that reduce the expansion of
wood. Therefore, the aim of this study is to determine
various surface performance properties of wood treat-
ed with these impregnation materials in weathering
conditions.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

In this study, Oriental beech (Fagus orientalis L.)
was used as wood material, and glycerol and glyoxal
were used as impregnation materials.

211
2.1.1.

Preparation of test specimens
Priprema ispitnih uzoraka

Oriental beech wood (Fagus orientalis L.) speci-
mens measuring 10 mm (radial) x by 100 mm (tangen-
tial) x 150 mm (longitudinal) were made from air-dried
wood. Before the experiments, wood specimens were
maintained for two weeks at 20 °C and 65 % relative
humidity. A total of 40 wooden specimens were pre-
pared, 10 of which were from control and impregnated

specimens. The average density of oriental beech wood
used in the study is 0.59 g/cm’. In addition, there is no
significant difference within the whole annual ring in
terms of the size and distribution of the trachea in the
wood material used in the study. So the annual ring
boundaries are not very clear.

2.2 Methods

2.2. Metode

2.2.1 Impregnation procedure
2.2.1. Postupak impregnacije

The Oriental beech (Fagus orientalis L.) wood
specimens were impregnated with a 4 % aqueous solu-
tion of GR, GX, and a combination of GR and GX (1:1;
weight: weight). Oriental beech wood was impregnat-
ed in accordance with ASTM D 1413-07el (2007). A
total of 30 specimens were impregnated with each
aqueous solution. Test specimens were allowed to dif-
fuse in the solution at room temperature for 30 minutes
after a pre-vacuum of 760 mm Hg was applied for 30
minutes in accordance with the impregnation method.
The following equation was used to compute the reten-
tion value of the impregnated Oriental beech:

R=%'~103 (kg/m?) (1)
Where;
G —mass of impregnating solution absorbed by wood
specimen (g)
Where;
G-T,-T,
T, — Wood mass after impregnation (g)
T, — Wood mass before impregnation (g)
V' — Wood volume (cm?)
C — Solution concentration (%)

2.2.2 Color test
2.2.2. Mijerenje boje

The CIEL*a*b* technique was used to calculate
the color parameters L*, a*, and b*. Additionally, an
X-Rite SP Series Spectrophotometer was used to meas-
ure the color parameters a*, b*, and L*. The measuring
spot was adjusted to be equal or not more than one-
third of the distance from the center of this area to the
receptor field stops. While a* and »* are the chromatic-
ity coordinates, the L* axis controls brightness. Red
and green are displayed by the values +a* and -a*, re-
spectively. Blue is represented by the -b* parameter,
while yellow is represented by the +b* value. The L*
value ranges from zero (black) to 100 (white) (Zhang,
2003). The color difference, (AE*) was determined for
each wood according to ASTM D1536-58T (1964).
Color measurements were made parallel to the fibers.
Three measurements were taken for each specimen
from 3 different points. Equations 2, 3, 4, and 5 were
used to determine the changing of colors.

Aa*= af*—al.* (2)
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Ab*=b*-b* 3)
AL*= L/'*_Li* 4)
AE*=[(Aa *)2_,.( Ab*)2+( AL*)2]1/2 (5)

Where;

Aa* Ab*, and AL* represent the changes between the
initial and final interval values. Ten replicates were
made for each treatment group.

2.2.3 Gloss test
2.2.3. Mjerenje sjaja

A measuring tool was used to determine the gloss
values of Oriental beech in accordance with ASTM
D523-14 (2018). (Micro-TRI-Gloss). Incidence angle
of 85 degrees was the selected geometry. Each treat-
ment group received ten replications. Gloss measure-
ments were made parallel to the fibers. A total of 3
measurements were made from 3 different points for
each specimen.

2.2.4 Surface roughness
2.2.4. Hrapavost povrsine

Roughness was tested using the Mitutoyo Surftest
SJ-301 device in line with DIN 4768 (1990) specifica-
tions. The three roughness measures are the mean arith-
metic deviation of the profile (Ra), mean peak-to-valley
height (Rz), and root mean square (Rg). The average
distance between the profile and the mean line over the
period of the evaluation is known as the R . The param-
eter Rz can be derived from the five equal lengths of the
peak-to-valley values of the profile, and Rq is the square
root of the arithmetic mean of the squares of the profile
deviations from the mean line (Mummery, 1993). Using
a stylus with a diamond tip that had a 5 pm radius and a
90° conical angle, the surface roughness profile was ex-
amined. The stylus feed rate was 0.5 mm/s' throughout
an 8 mm specimen length (Zhong et al., 2013). For each
treatment group, ten replications were made. Surface
roughness measurements were made parallel to the fib-
ers. A total of 3 measurements were made from 3 differ-
ent points for each specimen.

2.2.5 Natural weathering test
2.2.5. lzlaganje vremenskim uvjetima

10 wood specimens were grouped together in
each group. The specimens were exposed to the weath-

Table 1 Weather conditions of Mugla for December 2021

ering conditions of Mugla province in December 2021.
Table 1 shows the meteorological data of Mugla prov-
ince in December 2021 (State Meteorological Services
Database, 2021). In accordance with ASTM D 358-55
(1970), wood panels were also prepared for exposure
to the elements.

2.2.6 Statistical analysis
2.2.6. Statisticka analiza

As a result of the measures, test results were ac-
quired and then examined using the statistical program
SPSS. The computer was used to upload the test results
and run a variance analysis. At a 95 % statistical level
of confidence, the Duncan test was used. The experi-
mental data homogeneity groups (HG) were used for
statistical analysis. Statistically significant differences
are denoted by different letters in HG (Giinbekler et
al.,2021; Baysal et al., 2021; Tirkoglu et al., 2020).

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Color changes
3.1. Promjene boje

Color changes values of Oriental beech wood
specimens impregnated with GR, GX, and GR+GX are
given in Table 2.

Before weathering, the L* value of the control
specimen was found to be 64.42. In the impregnated
specimens, the highest L * value was obtained at 63.63
in the Oriental beech test specimens impregnated with
GR+GX, while the lowest L* value was determined in
the Oriental beech test specimens impregnated with
GX at 61.60. The L* values of the impregnated speci-
mens decreased compared to the control specimen. Be-
fore weathering, the Oriental beech test specimens
showed a tendency to turn reddish and yellowish, giv-
ing +a* and +b* values, respectively. After natural
weathering, the AL* values of the control and impreg-
nated Oriental beech test specimens decreased. While
the maximum reduction was obtained in the control
specimens (-3.87), the least decrease was detected in
the specimens impregnated with GR+GX. Negative
values in AL* are an indication of depolymerization of
lignin in wood (Temiz et al., 2003). Wood specimens
become darker due to the decrease in L* value (Baysal

Tablica 1. Vremenski uvjeti u provinciji Mugla za prosinac 2021.

Weather conditions / Vremenski uvjeti December / Prosinac
Average temperature, °C / prosjecna temperatura, °C 6.7
Maximum temperature, °C / najvisa temperatura, °C 16.4
Minimum temperature, °C / najniza temperatura, °C -4.4
Number of rainy days per month / broj kisnih dana po mjesecu 21
Rainfall per month, kg/m? / kolicina padalina po mjesecu, kg/m? 368.7
Average humidity per month, % / prosjecna vlaznost zraka po mjesecu, % 87.7
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Table 2 Color change values of test specimens after natural weathering
Tablica 2. Vrijednosti promjene boje ispitnih uzoraka nakon prirodnog izlaganja vremenskim uvjetima

Color changes values Total color
Color values before natural weathering | after natural weathering
.. S T eefm ool . . . . . . changes
Vrijednosti boje prije prirodnog izlaganja Vrijednosti promjene boje Ukupna
vremenskim uvjetima nakon prirodnog izlaganja wpna
. . promjena boje
vremenskim uvjetima
Retention, I a* b*
Specimens kg/m? = S = 2 =S §" ™
Uzorci Retencija, 2 [.S ET 2[S ET 2| '§ c S
kg/m® ~§ g% S|IET SIET . * * % 2
=R (B | s || =22 S = 3 S
ST ISS|ET|3S|ETss 3| 3| 2|28t
= = = &
> 3 tS|l=s|=8S| =328 U]
SEECES S| 8= S8 = S g
S =TS Sl =TS S| B3 £ .S
S| ET| 2| §F| f|E% S =
g | & S g | & S Gl S =
Control
. - 64.42 | 9.66 | 10.97 | 1.64 | 10.83 | 3.13 | -3.87 | -1.48 | 11.85 |12.55 A
kontrolni uzorak
GR 15.38 63.27 | 949 | 11.22 | 1.68 | 11.75]3.20 | -2.30 | -1.99 | 10.98 |11.39 A
GX 21.71 61.60 | 9.24 | 10.36 | 1.55 | 10.59|3.21 | -1.78 | -1.53 | 11.45 |11.68 A
GR+GX 19.54 63.63 | 9.54 | 11.05 | 1.65 | 11.99|3.26 | -0.39 | -1.43 | 11.56 |11.65 A

Impregnated and
non-impregnated test
specimens
Impregnirani i neimpregnirani
ispitni uzorci

Before natural weathering
Prije prirodnog izlaganja
vremenskim uvjetima

After 1 month of
natural-weathering
Nakon mjesec dana
prirodnog izlaganja
vremenskim uvjetima

Control
kontrolni uzorak

GR

GX

GR+GX

Figure 1 Color change images of Oriental beech wood specimens impregnated with GR, GX, and GR+GX before and after 1

month of natural weathering

Slika 1. Fotografije promjena boje uzoraka drva kavkaske bukve impregniranih s GR, GX i GR+GX prije i nakon prirodnog

izlaganja vremenskim uvjetima tijekom jednog mjeseca

et al., 2014). After natural weathering, all specimens
showed a greenish and yellowish tendency, giving —
Aa* and +Ab* values, respectively. Changes in some
chromophoric groups of lignin may be the cause of the
rise in the chromaticity coordinate (Ab*) (Grelier et al.,
2000). According to the results of the total color change

(AE*), Oriental beech test specimens impregnated with
GR gave the best color stability. However, there was no
statistical difference between impregnated Oriental
beech specimens. In our study, impregnated specimens
showed less discoloration than control specimens after
weathering.
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Color change images of Oriental beech wood
specimens impregnated with GR, GX, and GR+GX be-
fore and after natural weathering are given in Figure 1.
Additionally, Figure 1 clearly shows that the Oriental
beech wood surface is overgrown with mold fungi.

3.2 Gloss changes
3.2. Promjene sjaja

Values of gloss changes of Oriental beech wood
specimens impregnated with GR, GX, and GR+GX are
given in Table 3.

In this study, before natural weathering, the high-
est gloss value was obtained in the control specimens,
while the lowest gloss value was obtained in the GR
impregnated Oriental beech specimens. With the im-
pregnation process before weathering, the gloss of the
specimens was lower than that of the control speci-
mens. After natural weathering, the gloss of all speci-
mens decreased. While the maximum decrease was
obtained in the control specimens with -10.49, the least
decrease was obtained in the specimens impregnated
with GR+GX with -6.33. The gloss reduction in the
impregnated specimens was lower than in the control
specimens. The deterioration of wood surfaces is
caused by the sunlight UV component, temperature
and relative humidity (RH) fluctuations throughout the
year, air pollution, oxygen levels, and human activities
(Williams, 2005). The chemical, physical, and optical
properties of wood change over time, resulting in dis-
coloration, gloss loss, and surface roughening. In addi-
tion, the three main mechanical qualities of wood are
impacted (Denes and Young, 1999). Additionally, it
has been suggested that poor glossiness values in im-
pregnated specimens may be the result of the addition
of impregnation materials with their chemical struc-
tures to the surface of the wood material (Soylamus,
2007). According to Ozdemir et al. (2015), increased
fibers reduce the gloss value and water-based wood

treatments enhance surface porosity. In the present
study, the surface gloss of the impregnated wood spec-
imens decreased. For this reason, this study is support-
ed by the study of Ozdemir et al., (2015).

3.3 Surface roughness changes
3.3. Promjene hrapavosti povrsine

Surface roughness changes of Oriental beech
wood specimens impregnated with GR, GX, and
GR+GX are given in Table 4.

In this study, before natural weathering, the high-
est value of Ra roughness was obtained in specimens
impregnated with GR (6.10 pm), while the lowest value
was obtained in control specimens (3.65 pm). While the
highest value in Rz roughness was obtained in speci-
mens impregnated with GR (34.19 pm), the lowest
value was obtained in control specimens (21.88 um).
While the highest value in Rg roughness was obtained
in the specimens impregnated with GX (7.41 um), the
lowest value was obtained in the control specimens
(4.58 um). The impregnation process before natural
weathering had an effect on increasing the surface
roughness of the specimens in all three roughness val-
ues (Ra, Rz, and Rq). Surface roughness is an important
factor in determining wood surface. In addition, wood
is affected by many factors (Yildiz et al.,, 2013). The
roughness of all specimens increased at Ra, Rz and Rq
roughness values after natural weathering. While there
was no statistical difference between the control speci-
mens and the specimens impregnated with GX in Ra
and Rz roughness values, a statistical difference was
determined compared to the other specimens. While
there was no statistical difference in Rg roughness value
between control specimens and the specimens impreg-
nated with GR, a statistical difference was observed
compared to other specimens. Generally, after weather-
ing, the impregnated specimens caused a rougher sur-
face on the wood material. Rough surface wood materi-

Table 3 Values of gloss changes of test specimens after natural weathering
Tablica 3. Vrijednosti promjene sjaja ispitnih uzoraka nakon prirodnog izlaganja vremenskim uvjetima

Gloss values before Gloss values after natural | Values of gloss changes after
natural weathering weathering natural weathering, %
Vrijednosti sjaja prije Vrijednosti sjaja nakon Vrijednosti promjene sjaja
Retention, prirodnog izlaganja izlaganja vremenskim nakon prirodnog izlaganja
Specimens kg/m? vremenskim uvjetima uvjetima vremenskim uvjetima, %
Uzorci Retencija, 85° 85° Homogeneit
kg/m? Standard Standard B ¥
Mean . L. Mean . . ° group
Seadae deviation Sz deviation 85 e
vrijednost Standardna vrijednost Standardna i
devijacija devijacija
Control. - 5.81 0.87 5.20 1.03 -10.49 A
kontrolni uzorak
GR 15.38 1.13 0.16 1.03 0.21 -8.84 AB
GX 21.71 1.25 0.18 1.16 0.31 -7.20 B
GR+GX 19.54 1.42 0.21 1.33 0.69 -6.33 B

Note: GR: Glycerol, GX: Glyoxal, Homogeneity group at 95 % confidence level
Napomena: GR — glicerol, GX — glioksal; homogene grupe na razini pouzdanosti od 95 %
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Table 4 Values of surface roughness change of test specimens after natural weathering

Tablica 4. Vrijednosti promjene hrapavosti povr$ine ispitnih uzoraka nakon prirodnog izlaganja vremenskim uvjetima
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als require much more sanding than smooth-surfaced
wood materials, which causes a decrease in the thick-
ness of the material and thus increases the losses from
sanding (Diindar et al., 2008). Wood roughness, how-
ever, is a complicated issue. For the evaluation of the
surface roughness of wood, a number of parameters,
including its anatomical structure, machining proper-
ties, growth characteristics, and pre-treatments before
machining, should be taken into account (Aydin and
Colakoglu, 2003; Aydin and Colakoglu, 2005; Temiz et
al., 2005). According to Miklei et al. (2017), light irra-
diation largely caused the middle lamella, which sits
between two cell walls and binds the cells together, to
deteriorate. This deterioration makes the wood surface
more uneven. (Tolvaj et al., 2014).

4 CONCLUSIONS
4. ZAKLJUCAK

The surface properties such as color, gloss, and
surface roughness of Oriental beech wood impregnated
with GR, GX, and GR+GX mixtures were investigated
after natural weathering. The L* values of all speci-
mens decreased after natural weathering. All speci-
mens showed a tendency to greenish and blueish, giv-
ing negative Aa* and positive Ab* values, respectively.
Our results showed total color changes of impregnated
Oriental beech was improved compared to the control
group, but there were no statistical differences in total
color changes between all test specimens and control
specimens. In terms of gloss changes, impregnated
Oriental beech wood specimens gave better results
than the control group after natural weathering.

In conclusion, while total color changes and
gloss changes of impregnated Oriental beech were
lower than those of the control specimen after weather-
ing, impregnated Oriental beech specimens gave
rougher surface compared to the control specimens af-
ter natural weathering.
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ABSTRACT - Recently, efforts have been made to develop decoration techniques with CNC router machining
and contact production machines in the furniture industry. However, this method is insufficient in micro-processes
that require precision. In this research, the innovation of traditional furniture surface treatment techniques as a
regression modeling production method with laser technology was examined. For this purpose, beech wood was
processed in a CNC laser processing machine with a 130-watt carbon dioxide gas tube, and sample product design
and manufacture were made. It has been determined that many furniture surface treatment techniques can be ap-
plied with the regression modeling method of CAD/CAM supported laser technology.

KEYWORDS: laser woodworking, mother-of-pearl, filigree, inlay, wood carving

SAZETAK « U posljednje se vrijeme tehnike ukrasavanja u industriji namjestaja razvijaju uz pomo¢ CNC gloda-
lica i strojeva s kontaktnom obradom. Medutim, ta metoda nije zadovoljavajuca za fine obrade, za koje je potrebna
velika preciznost. U ovom je radu istrazena mogucnost inovacije tradicionalnih tehnika ukrasavanja povrsine
namjestaja proizvodnom metodom regresijskog modeliranja laserom. Za tu je namjenu CNC laserom s plinskom
cijevi ugljikova dioksida snage 130 W izraden ogledni proizvod od bukovine. Utvrdeno je da se mnoge tehnike
obrade povrsine namjestaja mogu primijeniti zajedno s CAD/CAM metodom regresijskog modeliranja podrzanom
laserom.

KLJUCNE RIJECI: laserska obrada drva, majka bisera, filigran, intarzija, rezbarenje drva
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1 INTRODUCTION
1. UVOD

Furniture surface decoration is the evaluation of
furniture with shapes, pictures and motifs by using vari-
ous techniques in order to add beauty without disturbing
its function. The motifs, figures, symbols and shapes
used in decorations are the products of thoughts and be-
haviors at a certain point in history. Carving is an orna-
mentation technique in which the excess parts of the
motifs drawn on wood are removed with special carving
pens or machines and shaped as relief. If the surface
depth is 3-4 mm, it is called low carving, and if it is
more, it is called high carving. Inlay is an ornamentation
technique made by embedding materials such as solid,
ivory, wood veneer, mother-of-pearl, metal on solid or
coated surfaces according to the motif (URL1). Furni-
ture, which has been developed according to societies
and cultures since ancient times, started to change in
terms of technology, understanding and use at the begin-
ning of the 20th century. In the 20th century, an indus-
trial society was formed and handicrafts lost their old
value. In this period, when architecture and furniture
design were in close relationship, many architects also
made furniture designs with a holistic method (Gesam-
kuntswerk) approach. For this reason, it is seen that
some furniture design movements and architectural
movements overlap and affect each other in the 20th
century (Cif¢i and Demirarslan, 2021).

Technology has contributed to the development
of art movements. Technology becomes a part of cul-
ture and innovations and offers the opportunity to reach
practical, fast and easy solutions. Time-saving technol-
ogy can be used as an auxiliary element through me-
chanical tools. While technology represents power in
terms of economy, speed and increasing product qual-
ity, it also supports positive efficiency. While art is af-
fected by the development of technology, industry and
industrial products also benefit from art and design
(Aytepe, 2013).

In the past, there have been some studies on fur-
niture surface decoration arts, especially in the cultural
sense. The evaluation of the shells of freshwater mus-
sels, which show a substantial population, collected
from Hatay province, in the old Ottoman handicraft
mother-of-pearl inlay, in making buttons and orna-
ments, has been investigated and it has been tried to
clarify how they can be evaluated in a wider range
(Sereflisan, 2014). Although mother-of-pearl inlays
and coppersmithing attract little attention today, other
fields are experiencing great difficulties. Gaziantep
University, Gaziantep Chamber of Coppersmiths and
Sedef¢iler and the Ministry of Culture and Tourism are
working to protect these areas (Aktiirk, 2016). It is
aimed to research the place and importance of mother-
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of-pearl inlay in Gaziantep, its current situation and the
products made. It has been determined that there are
approximately 50 workshops dealing with the art of
mother-of-pearl inlay in the city center, and these
workshops are gradually closing. In mother-of-pearl
inlay, it is necessary to turn our lost arts into a state
policy and to create a budget for our traditional arts in
order to eliminate economic concerns and prevent the
artifacts left from our traditional arts only in museums
(Ozdemir and Yildirim, 2016). The situation of moth-
er-of-pearl inlay workshops in Gaziantep region was
investigated. According to the information obtained at
the end of the research, while many mother-of-pearl
inlay workshops were operating in the past, it has been
determined that this number has decreased considera-
bly today. In the following years, it is understood that
this profession will be one of the dying professions in
Turkey with the closure of the workplaces currently
doing this job (Eser and Bal, 2017). The chest, which is
a status symbol in the dowry tradition of the Turks, has
been examined in terms of its usage and decorations. It
is important to transfer traditional Turkish furniture
styles and to inspire new designs (Selhan and Usal,
2010). Mother-of-pearl inlay can be applied on large or
small furniture in any finished size, usually on small
souvenirs and solid wood furniture. Products to be in-
laid with mother-of-pearl are generally produced from
solid walnut wood. The walnut wood gets a more beau-
tiful color at the end of the darkening process and the
inlay process comes to the fore. Apart from walnut
wood, hard solids such as rosewood, beech and ma-
hogany are frequently preferred (Tamamoglu, 2020).
The professions of wood carving, wood inlay, mother-
of-pearl inlay and filigree were declared national treas-
ures by the Ministry of National Education of the Re-
public of Turkey (URL2).

With CNC laser, popular operations on wood
such as cutting and engraving can be performed. Some
parameter studies have been examined in the interna-
tional literature on these processes. The effects of pow-
er, speed, focal distance, air pressure on the machining
performance of the machine parameters in laser pro-
cessing of wood or wood-based materials were studied
(Cherif, 1990; Barnekov et al., 1986; Eltawahni et al.,
2011; Yuzhi et al., 2017; Kudela et al., 2020; Vidhold-
ovaet al.,2017; Petru et al., 2017), as well as the opti-
mization of these parameters (Eltawahni et al., 2013;
Merchant, 1995; Jiang et al., 2021). There have been
some studies on the predictive modeling method in la-
ser woodworking (Li et al., 2021; Gurau et al., 2017;
Li et al., 2018). In laser wood engraving, only the pat-
terns created with vector drawing are not processed.
Studies have been carried out on the processing of im-
ages with photographic properties in laser wood en-
graving (Jurek and Wagnerova, 2021), and the effects
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of wood moisture content on laser processing (Rezaei
etal., 2022).

With the use of CNC machines in furniture pro-
duction, computer aided design and production sys-
tems can work together. In order to produce the parts of
the furniture designed with CAD systems in the com-
puter environment, the designs of these parts can be
directed to the CAM systems. In laser cutting and en-
graving processes made on wood and its derivatives,
the probability of faulty production is very low com-
pared to the processes made with traditional methods
and using cutters in CNC machines. In laser cutting
processes made on wood materials, very precise and
thin cuts that cannot be made in CNC machines with
cutters can be made easily (Karabiyik, 2016). It has
been proven that folding furniture can be produced
more efficiently with these machines to increase the us-
ability and aesthetics of a space by using CNC router
and CNC laser (Oates, 2015). In order to show new
applications of compatible mechanisms to folding sys-
tems in furniture design and to produce such mecha-
nisms with non-traditional methods, chair, stool and
childcare furniture applications have been shown as a
result of research on how such structures can be creat-
ed with folding compatible mechanisms using new
methods with laser (Daiel, 2021).

In the studies carried out to date, awareness has
been raised that traditional wood decoration techniques
are in the category of professions that are gradually
disappearing, but sufficient solutions have not been of-
fered. A limited number of studies have been carried
out on the wood surface treatment method with CNC
router, especially in terms of surface roughness. In ad-
dition, in industry the woodworking method with CNC
router has had a very positive effect on the continuity
of wood surface decoration techniques. Studies have
been carried out on wood surface decoration tech-
niques with laser, but these studies have generally re-
mained at the experimental level, and their application
in furniture design and production has not been ex-
plained. In some studies, only the laser folding furni-
ture production process has been explained. In this

study, experimental studies were carried out on a medi-
um-sized CNC laser machine, which is widely used.
Beech wood was tested since it is frequently used in
industrial production. In line with the findings, furni-
ture surface decoration design and application were
made with the predictive modeling method, which is
important in industrial production. The design was
based on techniques that are about to disappear. An
original study was carried out by presenting the materi-
als, machinery, production method, design and manu-
facturing processes used in an integrated manner in the
industrial production sector.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

In the study, 18 mm thick beech wood with a den-
sity of 0.720 g/cm?® in air-dry state at 12 % moisture
conten was used. In material processing, the experi-
mental samples were cut and engraved in a CNC laser
machine with a power output of 130 watts, a 50.8 mm
focal length lens, carbon dioxide gas, water cooled, 1.5
mm nozzle diameter and 10.6 pm wavelength. Figure
1.a shows the laser processing stage of the CNC laser
machine, Figure 1.b shows the example of the laser
cutting experiment, and Figure 1.c shows the example
of the laser engraving experiment. In addition, 0.02
mm precision digital depth measuring instrument and
magnifying glass (5x) were used to measure laser cut-
ting depths in the study.

2.2. Method
2.2. Metoda

The factorial experimental design allows each of
the variable factors to be evaluated with each other.
While doing this, in addition to determining the extent
of the effect of each variable on the event, different
behaviors of the factors that may appear as a result of
the interaction of the variables with each other can also
be determined. There are many factors that affect laser

Figure 1 a) Laser processing step, b) Laser cutting test example, ¢) Laser engraving test example
Slika 1. a) Obrada laserom, b) primjer laserskog rezanja, ¢) primjer laserskog graviranja
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Table 1 Experiment factor design
Tablica 1. Faktori dizajniranog eksperimenta

Levels / Razi
Test factors / Varijable testa 1 A s; detne 3
Nozzle height NH, mm / visina sapnica NH, mm 4.8 5.2 5.6
Power P cut / engrave, W / snaga P rezanja / graviranja, W 25/55 50/75 100/95
Speed S cut / engrave, mm/s / brzina S rezanja / graviranja, mm/s 5/50 10/250 20/450

processing performance. According to the data ob-
tained from the experimental studies carried out so far,
it is aimed to determine the effect of the factors that are
considered important by keeping some factors con-
stant. These factors are nozzle height (NH), feed rate
(S), and laser processing power (/). As seen in Table 1
below, there are 3 variable parameters in the design,
and each of them takes 3 different values. According to
the specified levels, full factorial design, 27 experi-
ments for laser cutting depth (CD) and 27 experiments
for laser carving (inlay) depth (/D) were performed.
The resulting design is the Taguchi orthogonal design
and it can be named L27(3%). This indicates that the
number of experiments is 27; the 3 factors have 3 dif-
ferent levels.

In the tests performed, the data obtained from the
experimental samples were analyzed using the 22nd
version of the SPSS statistical package program. Anal-
yses were made on the basis of 95 % confidence level.
Multiple linear regression analysis was preferred to de-
termine whether there was a significant difference for
each analysis made according to the interaction of laser
cutting depth and engraving depth dependent variable
and independent variables. Preliminary estimates made
to achieve optimum yield in production are calculated
according to the regression Eq. 1:

F=p,+ B+ BN X, (M
Where:
Y: Dependent variable (cutting or gouging depth mm
value),
B, Constant beta value,
B, 1.independent variable (Nozzle height) beta value,
X,: Istindependent variable (Nozzle height mm) value,

: beta value of the 2nd independent variable (pro-
cessing power W),

: Value of the 2nd independent variable (cutting
speed mm/s),

: 3rd independent variable (processing speed) beta
value,

: Indicates the value of the 3rd independent variable
(processing speed mm/s).

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Laser cutting results
3.1. Rezultati rezanja laserom

The laser cutting depths (CD) obtained according
to the test factors of nozzle height (NH), feed rate (S),
laser processing power (W) in laser cutting applied to
the parallel directions of the wood laser cutting sam-
ples are shown in Table 2.

Multivariate linear regression analysis was per-
formed to determine the effects of nozzle height, cut-
ting power and cutting speed on the laser cutting depth
of the beech massif. The analysis results of the laser
cutting process are shown in Table 3 below.

According to the analysis results in Table 3, the
nozzle height negatively and significantly affected the
laser cutting depth with an effect size of 15 % (pr’ =
0.148). The laser cutting power positively and signifi-
cantly affected the laser cutting depth with an effect
size of 52 % (pr’= 0.519). The laser cutting speed, on
the other hand, negatively and significantly affected
the laser cutting depth with an effect size of 60 % (pr?
= 0.599). It was found that the regression analysis

Table 2 Laser cutting depths of solid beech materials used in case study
Tablica 2. Dubine laserskog rezanja masivne bukovine upotrijebljene u studiji slucaja

SN NH, P, S, CD, SN NH, P, S, D, SN NH, P, S, CD,
mm w mm/s | mm mm W mm/s | mm mm w mm/s | mm

1 4.8 25 5 5.30 10 5.2 25 5 6.07 19 5.6 25 5 4.07
2 4.8 25 10 3.60 11 5.2 25 10 4.60 20 5.6 25 10 2.70
3 4.8 25 20 1.40 12 5.2 25 20 3.20 21 5.6 25 20 1.70
4 4.8 50 5 11.87 13 5.2 50 5 10.67 22 5.6 50 5 7.47
5 4.8 50 10 5.37 14 5.2 50 10 7.87 23 5.6 50 10 4.20
6 4.8 50 20 3.73 15 5.2 50 20 5.50 24 5.6 50 20 2.40
7 4.8 100 5 14.00 16 5.2 100 5 13.47 25 5.6 100 5 9.23
8 4.8 100 10 7.77 17 5.2 100 10 9.33 26 5.6 100 10 6.17
9 4.8 100 20 4.40 18 5.2 100 20 6.93 27 5.6 100 20 3.57
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Table 3 Regression analysis results
Tablica 3. Rezultati regresijske analize

Variables Partial correlation (pr Significance

Varijable Beta() “Beta(p) Parcijalna korelacija(l(;);)’) Ziacvajnost
Control constant / kontrolna konstanta 8.560 - - 0.000
Nozzle height / visina sapnice -0.224 -0.216 -0.385 0.000
Cutting power / snaga rezanja 0.058 0.538 0.721 0.000
Cutting speed / brzina rezanja -0.343 -0.631 -0.774 0.000

*Standardized / standardizirano

model was 95 % reliable (p<0.05), and 72 % of the
variation in cutting depth (R?, gusag = 0-723) was ex-
plained by the independent variables. As a result of
mathematical modeling of the beech massif, the fol-
lowing regression equation was generated using the
data in Table 3, in order to theoretically provide opti-
mum laser cutting and to predict the cutting depth.
?:ﬁ()+ﬂ1‘X1+ﬂzXz+ﬁ3X3

Depth of cut = 8.560 + (Focal length* - 0.224) +

(Cutting Power*0.058) + (Cutting Speed*-0.343)

3.2 Laser carving results
3.2. Rezultati graviranja laserom

The laser carving (inlay) depths (/D) obtained ac-
cording to the test factors of nozzle height (VH), feed
rate (S), laser processing power (/) in laser engraving
applied to the parallel directions of the wood laser en-
graving samples are shown in Table 4.

Multivariate linear regression analysis was per-
formed to determine the effects of focal length, engrav-
ing power and engraving speed on the laser engraving
depth of the beech massif. Since the effect of nozzle
height on laser engraving depth is statistically insig-

nificant, it was not included in the analysis in order not
to adversely affect the predictive value of other varia-
bles that gave significant results. The analysis results
of the laser engraving process, which give significant
results, are shown in Table 5.

According to the analysis results in Table 5, laser
engraving power positively and significantly affected
the laser engraving depth with an effect size of 65 %
(pr’ = 0.649). On the other hand, laser engraving speed
affected the laser engraving depth negatively and sig-
nificantly with a 70 % effect size (pr? = 0.703). It was
found that the regression analysis model was 95 % reli-
able (p<0.05), while 80 % of the variation in the en-
graving depth (R?, dustad 0.804) was explained by the
independent variables. As a result of the mathematical
modeling of the beech massif, the following regression
equation was generated using the data in Table 4, in
order to theoretically provide the optimum laser en-
graving and estimate the engraving depth.

Y =B,4 BX X B,

Carving depth =2.756 + (Carving Power*0.033) +
(Carving Speed*-0.019)

Table 4 Laser engraving depths of solid beech materials used in case study
Tablica 4. Dubine laserskoga graviranja masivne bukovine upotrijebljene u studiji slucaja

NH, P, S, CD, NH, S, D, NH, P, S, CD,
SN mm W | mm/s | mm SN mm W | mm/s | mm SN mm W | mm/s | mm
1 4.8 25 50 2.07 10 5.2 25 50 1.70 19 56 25 50 1.70
2 4.8 25 100 1.10 11 5.2 25 100 | 0.83 20 5.6 25 100 | 0.87
3 4.8 25 200 | 0.50 12 5.2 25 200 | 0.50 21 5.6 25 200 | 043
4 4.8 50 50 4.73 13 5.2 50 50 4.40 22 5.6 50 50 4.40
5 4.8 50 100 | 2.57 14 52 50 100 | 2.33 23 5.6 50 100 | 2.23
6 4.8 50 200 1.37 15 5.2 50 200 1.10 24 5.6 50 200 1.10
7 4.8 100 50 6.10 16 5.2 100 50 3.83 25 5.6 100 50 6.33
8 4.8 100 100 | 3.60 17 5.2 100 100 | 3.03 26 5.6 100 100 | 3.73
9 4.8 100 200 1.73 18 5.2 100 200 1.53 27 5.6 100 200 1.80
Table 5 Regression analysis results
Tablica 5. Rezultati regresijske analize
. .. Partial correlation (pr Significance
Variables / Varijable Beta(p) *Beta(f) Parcijalna korelacija(l(,p})’) Z%lacvajnost
Control constant / kontrolna konstanta 2.756 - - 0.000
Carving power / snaga graviranja 0.033 0.596 0.806 0.000
Carving speed / brzina graviranja -0.019 -0.674 -0.839 0.000

*Standardized / standardizirano
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a)
Figure 2 Traditional wood surface decoration techniques: a) manual pattern copying stage, b) hand carving stage, ¢) hand or
CNC router Machine engraving stage, d) filigree (wire inlay) engraving stage
Slika 2. Tradicionalne tehnike ukraSavanja povrsine drva: a) faza ru¢nog kopiranja uzorka, b) faza ruénoga graviranja, c) faza
rucnoga ili CNC glodanja, d) faza graviranja intarzija (zi¢ani umetak)

3.3 Design and implementation
3.3. Dizajn i implementacija

In traditional wood surface treatment, it is first
necessary to transfer the motif to the wood surface.
Motif transfer is done by free hand or by one of the
methods of drawing, pasting or copying with a tem-
plate (Figure 2a). Then, it is necessary to empty the
parts outside the motif or to carve the unnecessary
parts. This process is done with hand tools (Figure 2b)
or with a vertical boring machine or milling machine
(Figure 2c). Along with these machines, although the
machine is partly included in the production, handwork
is also used. If wire inlay is to be done, since the wire
channels are very thin, it should be done by hand with
special tools (Figure 2d). In recent years, wood surface
treatments in large enterprises have been carried out in
CNC router fully automatic machines. The biggest
revolution in wood surface processing has been
achieved with CNC router production. With these ma-
chines, many production stages such as motif transfer
and handwork are eliminated. However, all of these ap-
plications can be defined as machining and contact me-
chanical production. CNC laser technology, on the
other hand, can be called chipless and contactless
chemical production. CNC router and CNC laser
woodworking have advantages and disadvantages
when compared to each other. These differences may
vary according to the operation performed.

In order for the CNC laser machine to work, a
computer hardware with CAD (Computer Aided Draw-
ing) and CAM (Computer Aided Manufacturing)
drawing and code converter programs is also required
as a complement to the laser processing center. CAM
processes the drawings made in CAD and converts
them into machine codes (Alici, 2006). In this study, a
case study was conducted to determine the applicabil-
ity of CNC laser wood surface decoration with regres-
sion modeling method. The design and production pro-
cess steps of CNC laser processes, made of beech solid,
poplar, walnut solids, mother-of-pearl and wire, ap-
plied to three nesting tables, are explained below.

The edge flower carving motif, “Selguklu” inlay
motif and filigree cutting paths to be applied on the
beech massif forming the upper table of the coffee ta-
bles were drawn in a CAD (computer aided design)
program. The upper table motif was transferred to the
CAM (computer aided production) program in the
software of the CNC laser machine as vector. The de-
sign was completed by determining the production pa-
rameter values measured according to the surface of
the coffee tabletop. The design ready for production is
shown in Figure 3a below, and the preview screen is
shown in Figure 3b.

During the process of production parameter set-
tings, the cutting power of the laser machine was ap-
plied using a 100 watt power to complete the produc-
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b)
Figure 3 a) CNC laser product manufacturing design CAM program interface, b) CAM program Preview Screen
Slika 3. a) Dizajn CAM programskog sucelja za CNC obradu laserom, b) pregled zaslona CAM programa



Acik: Innovation of Traditional Furniture Surface Decoration Techniques with CNC Laser-Assisted Regression Modeling...

Figure 4 a) CNC laser tabletop engraving step, b) CNC laser tabletop table inlay step, c) CNC laser tabletop table Filigree

(wire Inlay) step, d) CNC laser table stand leg processing

Slika 4. a) Graviranje ploce stola CNC laserom, b) izrada intarzije na plo¢i stola CNC laserom, c) izrada filigrana na ploci
stola CNC laserom (ZiCani umetak), d) obrada nogu stola CNC laserom

tion as soon as possible. Since the walnut, poplar solids
and mother-of-pearl thicknesses to be inlaid on the
“Selguklu” motif of the coffee table were designed as
3mm, the speed parameter for carving 3 mm on the ta-
ble surface was calculated from the carving depth re-
gression formula as follows:

Carving depth =2.756 + (Carving Power*0.033) +
(Carving Speed* - 0.019)

3 mm (Desired engraving depth) = 2.756 + (100
W-Max power*0.033) + (Required speed* - 0.019)

(Required engraving speed*0.019) = 6.056 - 3
mm (Required engraving depth)

Required engraving speed = 3.056/0.019 = 160
mm/s.

Since the edge flower motif of the tabletop and
legs was designed as 1.5 mm low surface carving, the
required speed parameter was calculated from the
carving depth regression formula as follows:

1.5 mm (Desired engraving depth) = 2.756 + (100
W-Max power*0.033) + (Required speed* - 0.019)

(Required engraving speed*0.019) = 6.056 - 1.5
mm (desired engraving depth)

The required engraving speed = 4.556/0.019 =
239 mm/s.

Since for the filigree motif in mother-of-pearl in-
lay on the middle part of the tabletop and the filigree

cutting paths on the edges, the width of the wire to be
used was measured as 1.5 mm, the cutting speed pa-
rameter required for the cutting depth of the notch
where the wire would be embedded was obtained from
the cutting depth regression formula as follows:

Depth of cut = 8.560 + (Nozzle height* - 0.224) +
(Cutting Force*0.058) + (Cutting Speed* - 0.343)

1.5 mm (desired cutting depth) = 8.560 + (5.2
mm - nozzle height* - 0.224) + (100 W-Max power
*0.058) + (cutting speed*0.343)

(Required cutting speed*0.343)=13.195 - 1.5 mm
(desired cutting depth)

The required cutting speed was determined as =
11.695/0.343 = 34 mm/s.

The CAM design, developed with the obtained
parameters, was completed and the production phase
was started. Figure 4a shows the engraving step for in-
lay, Figure 4b shows the construction of mother-of-
pearl and solid inlays, Figure 4.c shows filigree con-
struction, Figure 4d shows the stages of preparation of
the legs of the coffee table.

Figure 5a shows the assembled image of the nest
table set, whose design and processing have been com-
pleted with the CNC laser-assisted regression modeling;
Figure 5b shows the image sanded and adapted tables;
and Figure 5c shows the final shape with varnish.

Figure 5 a) Assembled coffee table, b) sanded version of tables, ¢) varnished version of integrated tables
Slika 5. a) Sastavljeni stoli¢ za kavu, b) brusena verzija stolova, c) lakirana verzija integriranih stolova
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4 CONCLUSIONS
4. ZAKLJUCAK

In this study, the applicability of traditional furni-
ture surface treatment techniques to the manufacturing
method based on CNC laser assisted regression mode-
ling was investigated. As a result of the research, it was
determined that the regression modeling method can
be successfully applied to furniture surface decoration
with CNC laser, considering the material, machine and
processing parameters. With the preview method for
predictive modeling in industrial wood product design,
the view of the cutting path in the production process,
the length of the cutting path, the working time with
laser processing, and the product output data can be
determined in advance. Low wood carving, high wood
carving, wood and mother-of-pearl inlay carvings can
be done successfully with laser processing. Perfect and
fast cutting paths can be embroidered on the most com-
plex motifs, especially for filigree inlay. When a good
design is made, the color tones ranging from brown to
black on the engraving surfaces, depending on the pro-
cessing power of the laser, add value to the decoration.
It processes highly detailed motifs with much more
precision than CNC laser, hand engraving and CNC
router processing methods. In addition, it has been de-
termined that laser furniture top surface decoration is
very suitable for mass production.

A badly managed process of motif design and
production parameter in laser wood decoration can
have negative effects such as excessive burns on the
ornamental surface, loss of adhesion of the combustion
surfaces, extra cutting path and energy consumption,
more difficult sanding and polishing of the burned sur-
face.
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ABSTRACT . The study aimed to understand the determining factors of the trade between Turkey and the Eu-
ropean Union (EU) countries in the forest products sector and assess Turkey s forest product export potential to
the EU. The study period was from 2005 to 2020 and focused on HS44, HS47, and HS48 forest product groups. A
gravity model was estimated using panel data with the Ordinary Least Squares, Random Effects, and Hausman-
Taylor estimation methods. Results indicate that the forest products exports from Turkey to the EU are significantly
influenced by the Gross Domestic Product, the population of Turkey and the EU partner, and negatively by the
relative forest endowment. The elasticities estimated were then used to predict the export potential of Turkey in
the trade of forest products. The findings revealed that the predicted forest export value exceeded Turkey s actual
forest products export to Denmark, France, Italy, Luxembourg, Poland, Slovenia and Spain from 2005 to 2020.
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SAZETAK » Cilj istrazivanja bio je prouciti najvaznije cimbenike trgovinskih odnosa Turske i zemalja Europske
unije (EU) u sektoru sumarstva i drvne industrije te procijeniti izvozni potencijal drvnih proizvoda iz Turske u EU.
Istrazivanje je trajalo od 2005. do 2020., a naglasak je bio na skupinama drvnih proizvoda HS44, HS47 i HS48.
Gravitacijski model definiran je uz pomoc¢ panel-podataka primjenom ovih metoda: metode najmanjih kvadrata,
metode slucajnih efekata i Hausman-Taylorove metode. Rezultati su pokazali da je izvoz drvnih proizvoda iz Tur-
ske u EU pod znatnim utjecajem domace bruto proizvodnje, broja stanovnistva Turske i partnera iz EU-a te pod
negativnim utjecajem relativne raznovrsnosti drvnih proizvoda. Ujedno su procijenjene elasticnosti primijenjene
za predvidanje izvoznog potencijala drvnih proizvoda iz Turske. Utvrdeno je da predvidena vrijednost izvoza od
2005. do 2020. godine premasuje stvarni izvoz drvnih proizvoda iz Turske u Dansku, Francusku, Italiju, Luksem-
burg, Poljsku, Sloveniju i Spanjolsku.
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1 INTRODUCTION
1. UVOD

Before the 1970s, Turkey used to pursue an in-
ward-oriented import-substitution industrialization
strategy for the economy. Nevertheless, from the
1980s, Turkey made a drastic turnaround to follow an
export-focused growth approach with the majority of
the country’s economic policies focusing on the inte-
gration of the economy to world markets and promo-
tion of export (Karagoz and Saray, 2010). With the in-
crease in the openness of the economy, Turkey has
become more critical of its export performance with
the focus being the European Union market where it
has wanted to be a member since the 1960s.

The EU is by far Turkey’s most significant part-
ner in trade in recent years, accounting for 41.3% of
Turkey’s exports and 33.4 % of Turkey’s imports. Ac-
cording to European Commission, Turkey in 2020
ranked as the EU’s sixth biggest trade partner with ex-
ports worth 62.6 billion Euros to the EU and imports
worth 69.9 billion Euro from the EU (European Com-
mission, 2021). This is one of the results of the Cus-
toms Union (CU) between Turkey and the EU that pro-
vided a significant impetus for trade facilitation and
customs reform in Turkey including the modernization
of the Turkish Customs Administration (TCA). These
improvements are of great economic significance for
Turkey and lie at the heart of Turkey’s strong export
performance over the past decade (World Bank, 2014).

Turkey’s volume of exports declined by an un-
precedented rate of 17.8 % in 2020 mainly due to Cov-
id-19, whereas its imports contracted by 6.4 %. Tur-
key’s Exports reached USD 170 billion in 2020 across
Turkey’s highly diversified export markets. In the EU,
Germany continued to be Turkey’s largest export mar-
ket with a share of 9.2 % of all exports in 2020. Tur-
key’s second largest export market was the United
Kingdom (UK) with a share of 6.2 %, followed by Iraq
and Italy (IMF, 2021). Concerning forest products
trade, the export figures of the wood and forest prod-
ucts sector for Turkey, as a whole, was $ 4.9 billion in
2013, up by 15.7 % compared to 2012, with UK and
Germany being top importers of Turkish wood and for-
est products in the EU.

Also, the exports of Turkish furniture increased
from US $ 684,5 million in 2005 to US $ 2,2 billion in
2015 (Ministry of Trade, 2019). This is mainly due to
improvements in capacity, quality and design. In 2015,
Turkey exported furniture to 201 countries throughout
the world as well as being the fifth largest source of
furniture imported to the EU, with Germany and France
being the main markets in the EU.

The Global Economic Dynamics (GED) Study
2016 applied the Grubel-Lloyd (GL) index to quantify
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the extent of bilateral EU-Turkish trade within the for-
est products sector and showed that in 2014 the GL
index of Turkey and the EU in wood and forest prod-
ucts was 0.92. It also showed that the simple and the
weighted average bilateral tariffs applied between the
EU and Turkey on forestry and wood products are zero
percent (GED Study, 2016). Turkey is in a competitive
position to supply semi-processed wood products and
furniture to the EU due to its relatively low labor costs.
Turkish forest product-based industries, such as the
panel and furniture industries, have increased their ca-
pacity over the last decade, allowing them to take ad-
vantage of these regional opportunities (Ministry of
Trade, 2019).

In recent times, several studies have attempted to
assess the trade between Turkey (in general and some
sectors in particular) and the EU and understand the
key factors influencing the foreign trade of Turkey.
However, the forest products sector has received lim-
ited attention in these studies, and its potential with the
EU is yet to be fully understood. The trade of forest
products is essential for the developed economies, and
it is rapidly becoming a significant factor in the eco-
nomic growth of many developing economies. Conse-
quently, the increase in the demand for forest products
has been recorded (Akyiiz et al., 2020). Lundmark
(2010) observed that the increasing use of and demand
for forest products relative to the scarcity of forest re-
sources in some countries has led to an increase in the
import needs of such countries, at the same time in-
creasing the forest products exports from those with
comparatively high forest resources.

Anderson (2011) describes the gravity model as
the most recognized empirical model to understand
and analyze international trade. The gravity model de-
fines the volume of trade between two partners as a
function of push and pull factors, mainly the economic
size of the exporting and importing trade partners, and
the transactional distance in-between the partners (Pat-
uelli et al., 2015).

Even though several studies like those of McCal-
lum (1995), Marku (2014) and Yu Cheng (2016) have
discussed the use of the gravity model in the analysis of
international trade, just a few studies have estimated the
trade flows of forestry products. Using panel data from
2001-2016, Vu et al. (2019) employed a gravity model
to study the determinants of Vietnam’s trade of wood
products. Larson et al. (2018) estimated the impact of
GDP of the importing partner and the exporting partner
GDP together with the distance between the trading
partners using FAO’s dataset. Buongiorno (2016) stud-
ied trade flows of forest products, forecasting the trade
value for three forestry product types amongst the Trans-
Pacific Partnership (TPP) member countries. Buongior-
no (2015) estimated a gravity model using OLS and
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Fixed Effects methods to study the effects the monetary
union introduction in Europe posed to the forest prod-
ucts trade flow. Similarly, Akyiiz ef al. (2010) used the
gravity to study the trade of forest products of Turkey
and the EU countries from 2000 to 2006. They used a
logarithmic specification with a variable for population
and three dummy variables for shared border, shared
language, and for membership in the EU before 2004.

This study aimed to use the gravity model analy-
sis of Turkey’s forest products trade to identify impor-
tant factors that determine Turkey’s forest products
exports to the EU. In addition, the study aimed to iden-
tify the export potential for Turkey forest products to
the EU countries.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

The study considered the 28 EU countries as of
2019 (EU-27 and UK from 2020). The data set contains
the annual observations from 2005 to 2020. The study
obtained annual Gross Domestic Product (GDP) data
from the Economic Outlook Database (IMF, 2021). The
UN Comtrade database was the source for the forest
products trade data for three forest products groups.
These followed the HS Codes 2017; HS44: Wood and
articles of wood, wood charcoal; HS47: Pulp of wood or
other fibrous cellulosic material, recovered (waste and
scrap) paper or paperboard; and HS48: Paper and paper-
board, articles of paper pulp, paper or paperboard (Unit-
ed Nations, 2021). The geographical distance between
the EU capitals and Istanbul instead of Ankara was taken
into consideration because it would be an overestimate
to use Ankara, as Istanbul is the business hub of Turkey,
and nearest to the EU capitals.

For the endowment variable, data was obtained
from the FAOSTAT database, where the forest area in
each country at a time (t) was used as a proxy for for-
estry endowment (FAO 2021). The study utsed STATA
for the data analysis and the estimation of the Gravity
Model.

2.2 Methods
2.2. Metode

2.2.1 Econometric specification
2.2.1. Ekonometrijska specifikacija

The most fundamental equation of the gravity
model is structured as

7 =al 2L (1)
7"\ bist,

Where T,.j stands for volume of trade between
countries i and j, A a constant, ¥, and Yj for the eco-
nomic size of countries i and j, while DISTU. is for the

distance between the countries i and j. A log-linear
transformation of equation (1) leads to equation (2),
which is the basis of

long.ﬂ = logd + logY, + longt - logDISTij 2)

Other independent variables have been added to
equation (2). Our gravity model specification includes
population variables for Turkey and EU country j, (PO-
P.) and (POP,) at time ¢, respectively. Population vari-
ables represent the market size of the countries and the
bigger the market, the more it trades; hence the market
size is expected to exert a positive sign. The Real Ef-
fective Exchange Rate of the Turkish Lira (TL) at time
t (REERI_ﬂ). An increase in the REER represents an ap-
preciation of the TL in real terms. This indicates that
Turkey’s export is becoming expensive, thus losing its
trade competitiveness. The dummy variable for com-
mon border (BORDU) is set at one if Turkey has a
shared border with the EU country (e.g., McCallum
1995; Akyiiz et al. 2010). It is expected to affect the
trade value positively due to the closeness. (EURO,) is
the dummy for EU country j using EURO to capture
the effect of the Euro (e.g., Buongiorno 2015) since
only 19 out of 28 EU members use it as the official cur-
rency. And LANDLKD, is the dummy for country j be-
ing landlocked. Its effect is expected to be negative as
it increases the transaction costs of the trade. The study
includes an endowment variable (ENDJ.].[) which is the
relative forest endowment in terms of the ratio of the
forest area of EU partner(y) to Turkey(i). Its effect on
trade is expected to be negative. Thus, the following
gravity model specification:

logTRADEijr =p,+ B logGDP, + ﬂzlogGDPj’ +
BlogPOP, + ﬁ4logPOPjt —ﬁ5logDIST[j +

BlogEND,, + B logREER,, + B, BORD, +

BEURO, + B, LANDLKD +U, 3)

Where GDP, is Gross Domestic Product of Tur-
key and GDPjtis for the EU country j at a time £. We
excluded a dummy variable to cater for preferred trade
agreements. The World Bank (2014), using a panel
data set from 1990 to 2010, observed no significant Bi-
lateral Preferential Trade Framework (BPTF) effect on
the trade between Turkey and the EU. As of 1 January
2021, Turkey has an active Free Trade Agreement with
the UK but this is out of context for this paper.

2.2.2 Gravity model estimation
2.2.2. Procjena uz pomo¢ gravitacijskog
modela

We used Panel data to estimate the gravity model.
a panel data set helps to observe the trend and evolu-
tion of the relevant variables over time and to identify
the specific time and country effects. Our model esti-
mation begins with a pooled OLS estimation of the em-
pirical specification (3) as a startup estimation for other
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estimators. Although many papers (e.g., McCallum
1995) have employed the OLS method, it ignores the
heterogeneity among countries and tends to provide bi-
ased estimations since it does not cater for the individ-
ual effects and time effects.

The Random Effects Model (REM) assumes zero
correlation amongst the individual effects and inde-
pendent variables since it presumes a strictly exoge-
nous (uncorrelated with the individual effects) unob-
served heterogeneous component (Baltagi, 2001).
Contrary, the Fixed Effects Model (FEM) presumes the
presence of an unobserved heterogeneous component
being constant over time. However, heterogeneity
which is common across countries and time can be
avoided when panel data is used with fixed effects, thus
reducing the possibility for inconsistent estimators.

However, other researchers (e.g., Egger 2002)
have opted to use Hausman and Taylor’s estimator as a
better estimator of panel data than both the REM and
FEM. McPherson and Trumbull (2008) observe that
the ability of the Hausman-Taylor method to include
time-invariant variables in the estimations and its abil-
ity to avoid the problem of the country-specific dummy
variables necessary in the FEM makes it an ideal esti-
mation method. The Hausman-Taylor estimation also
solves the correlation problem amongst the independ-
ent variables and the error term, which is common with
the REM (McPherson and Trumbull 2008).

2.2.3 Estimation of export potential
2.2.3. Procjena izvoznog potencijala

The forest products export potential of Turkey is
estimated based on the differences between the esti-
mated and actual forest products exports from Turkey
to the EU. The estimation of forest products export po-
tential follows:

Table 1 Summary statistics of gravity model
Tablica 1. Zbirna statistika gravitacijskog modela

E,
A = %Exﬁ
it

Where the forest products export potential of
Turkey is XP,, ZEijt is Turkey’s estimated forest prod-
ucts export flow, and ZExw is Turkey’s actual forest
products export to the EU. XP, greater than 1 shows
that the actual forest products exports are less than the
estimated forest products exports, which indicates the
presence of untapped forest products export potential.
Conversely a value less than 1 shows that the actual
forest products exports from Turkey are greater than
the estimated forest products exports, which indicates
exhausted export potential.

4)

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Empirical results
3.1. Empirijski rezultati

The summary statistics of the dataset are present-
ed in Table 1. Since there was no missing data, 448
potential observations were obtained for one exporting
country, Turkey and 28 partner EU countries, which
led to a maximum of 28 pairs and 16 years from 2005-
2020. This was uniform for all our variables, which
indicated a strongly balanced panel data set.

The Hausman test for the REM against FEM
showed that the REM was more consistent and effi-
cient to apply over fixed effects, hence only results of
the estimations from the REM are included in the re-
sults (Tables 2 and 3). Even though the REM proved
consistent and efficient for the study data, when the
data were run with country dummy variables and pa-
rameter test for EU country and time dummies, varia-
bles tested to be significant indicating a presence of

?2;;.221; Bg ;?Z;Z?E;Z Mean Std. Dev. Minimum Maximum
logTRADE,, 448 17.43 1.89 4.76 20.47
logEXPORTS,, 448 15.52 1.95 4.76 19.25
logIMPORTS,, 441 16.89 2.34 5.05 20.41
logGDP, 448 27.36 0.17 26.94 27.58
logGDP, 448 26.07 1.57 22.58 29.00
logPOP, 448 18.14 0.07 18.03 18.25
logPOP, 448 15.88 1.39 12.91 18.24
logDIST, 448 7.33 0.50 6.10 8.08
logEND,, 448 -2.38 2.16 -11.03 0.31
logREER,, 448 4.89 1.15 4.13 9.27
LANDLKD, 448 0.18 0.38 0.00 1.00
BORDER, 448 0.14 0.35 0.00 1.00
EURO;, 448 0.68 0.47 0.00 1.00

236 ) DRVNA INDUSTRIJA 74 (2) 233-241 (2023)



Magezi, Okan: A Gravity Model Analysis of Forest Products Trade Between Turkey and European Union Countries

Table 2 Regression results — dependent variable as bilateral
trade, 2005-2020

Tablica 2. Rezultati regresije — zavisna varijabla bilateralna
trgovina, 2005. — 2020.

arnin, | "okl | Nandon | s
Observations 448 488 488
F/Wald Statistic 62.81 112.93 68.92
Prob > F 0.0000 0.0000 0.0000
R 0.59 0.58

logGDP, 0.22 0.11 0.10
logGDP, 0.94™ 1.33™ 1.34™
logPOP, 231" 215 3217
logPOP, -0.32" -0.84™ -4.98™
logDIST, -0.75™ -1.20 -1.54
logEND,, -0.29™ -0.37" -3.20™
logREER,, -0.04 -0.38 -0.04
LANDLKDJ. -0.33™ -0.54" -1.09
BORDERij 0.56™ 0.25 1.57
EUROJ -0.36™ -0.25™ -0.27
Constant 43,71 -36.00" -22.03™"
Hausman test P> Chi2=0.1519""

*rk xx % Significant at 1 %, 5 % and 10%, respectively / znacajno
pri 1%, 5% odnosno 10 %

fixed effects. The presence of both random and fixed
effects is the reason the study applied a Hausman —Tay-
lor estimation method. Since the Hausman-Taylor
model was found to be most appropriate, the interpre-
tation of the results was based on this model.

3.2 Results of gravity equations and
bilateral trade

3.2. Rezultati gravitacijskih jednadzbi i
bilateralne trgovine

Table 2 shows the estimates from the OLS, REM,
and the Hausman-Taylor estimation methods of the
gravity model from 2005 to 2020 data for Eq. 3.

The estimation of the gravity model gave signs of
coefficients that are consistent with economic theory.
Table 2 shows that Turkey trades more forest products
to more developed EU countries. This was expressed
through the positive coefficients on importer GDP and
is highly significant at 0.01 level. Although, an increase
in the GDP of Turkey’s GDP increases the bilateral
trade flows, its effect is insignificant on the forest prod-
ucts trade between Turkey and the EU countries. The
coefficients on the population of Turkey and the EU
partners are both highly significant. It is worth noting
that, although the population of Turkey influences the
trade positively, the population of the EU partners in-
fluences the bilateral forest trade negatively. This could
mean that high population levels are expected to de-
crease the income per capita, which may hinder the
demand for forest products by the EU partners.

The relative endowment factor has a negative
significant effect on the forest trade between Turkey
and the EU partners. The coefficients of the distance
between Turkey and the EU partners, the real effective
exchange rate, and the dummies for a landlocked EU
partner, EURO users and sharing a border with Turkey
are consistent with the data on gravity model in litera-
ture but were found insignificant in the model.

3.3 Results of gravity model estimations
and bilateral exports

3.3. Rezultati procjene gravitacijskog modela
i bilateralnog izvoza

Table 3 shows the estimates from the OLS, REM,
and the Hausman-Taylor estimation methods of the
gravity model from 2005 to 2020 data for Eq. 3.

The estimation results indicate that forest prod-
ucts exports are positively influenced by the demand
(EU partner’s GDP) and the supply capacity (Turkey’s
GDP). This is in line with the prior research, Buon-
giorno (2016), Buongiorno (2015), and Akyiiz et al.
(2010). However, the impact of Turkey’s GDP is not
significant. This implies that the EU countries with a
higher GDP show a higher demand and more chances
of import; however, an increase in the GDP of Turkey
does not necessarily trigger additional forest products
exports to the EU. This result is rather different from
most prior research, where the domestic GDP tends to
play a more significant role than that of the trading

Table 3 Regression results — dependent variable as bilateral
Exports, 2005-2020
Tablica 3. Rezultati regresije — zavisna varijabla bilateralni
izvoz, 2005. — 2020.

Observations 448 488 488
F/Wald Statistic 297.30 286.36 127.02
Prob > F 0.0000 0.0000 0.000
R 0.70 0.69

logGDP, 0.06 0.15 0.33
logGDP, 0.26™ 0.58"" 1.19™
logPOP, 576" 5617 531
logPOP, 0.89™ 0.54™ 0.11™
logDIST, -0.14 -0.23 -0.96
logEND, -0.23" -0.21™ -0.187*
logREERIjt -0.03 -0.03 -0.02
LANDLKD;j -0.59™" -0.73" -0.99
BORDERjj 247 2.23"™ 1.78
EUROj -0.19 -0.25 -0.37
Constant -109.71™ | -104.34™ -94.21™
Hausman test P> Chi2=0.2132""

ok Hk x Significant at 1 %, 5 % and 10 %, respectively / znacajno
pril %, 5 % odnosno 10 %
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partner as observed by Head and Mayer (2013). In
some cases, the increase in Turkey’s GDP will tend to
increase the per capita income of the population, which
raises the domestic demand that can mostly be meet by
the domestic supply, resulting in lower exports. This is
also observed by Karamuriro (2015).

Following the argument by Olofsson et al.
(2018), it is likely that the increase in the GDP of Tur-
key, reflecting times of economic growth, may instead
result in Turkey choosing to use more forest products
(e.g., roundwood) domestically to support production
(e.g., pulp and sawn wood) rather than exporting. This
is in line with Aksu ef al. (2010), who observed that
majority of the investments that have led to the signifi-
cant development of the Turkish forest product sector
since 1980 targeted the domestic market more than for-
eign markets.

The coefficients of the population of both Turkey
and the EU partner, as expected, positively influence
the forest exports, and are significant at 0.01 percent.

As expected, the distance coefficient is negative
and an increase in distance of 1 percent reduces trade by
about 0.96 percent. The reason why the coefficient of
distance is statistically insignificant may be due to geo-
graphical closeness of European countries. This is in line
with Anaman and Al-Kharusi (2003), who observed that
this might be due to the fact that the majority of Euro-
pean countries are geographically very close.

Although distance between countries harms the
export flows, its effects were insignificant. Different
theorists like Marku (2014) have also highlighted that
globalization has weakened the significance of dis-
tance as the determining factor of trade. Borchert and
Yotov (2017) also agree that with time the significance
of distance in international trade has decreased, possi-
bly reflecting the decreasing communication costs, and
technological advances, which are commonly associ-
ated with ‘globalization. However, the globalization
process has not yet been fully achieved, so the impor-
tance of distance might have been reduced but it has
not yet lost its power.

The EU countries with a shared border with Tur-
key had more trade than those without a common bor-
der. This is consistent with theory but interestingly just
with the effect of distance; the effect of a common bor-
der is also insignificant according to the estimate of
Hausman- Taylor. This may be for the same reason as
the distance effect. At the same time, the Euro effect
was negative on the forest products exports from Tur-
key to the EU countries with a coefficient of -0.37 and
this can be because in recent years the Turkish lira has
been weak compared to Euro. Similarly, the forest
products trade with landlocked EU countries was low-
er than with those that have access to open waters. This
is consistent with the literature as access to open waters
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avails an alternative of water transport, which reduces
the transportation costs since the marginal cost of ship-
ping transportation is low (Wu, 2015).

The coefficient of the relative endowment effect
was negative, implying that Turkey exported more to
EU partners with less forest resource endowments. The
negative sign on the endowment factor shows that
countries with considerably more forest resources tend
to be more self-sufficient, which reduces their demand
for foreign forest products. This explains why the ex-
ports of forest products from Turkey decrease as forest
resources of the EU countries increase. The forest area
first affects the country’s forest products output and
then the demand of forest products in the trading nation
as observed by Yu Cheng (2016). This is also in line
with Uusivuori and Tervo (2002), who observe that
such countries have relatively large net forest products
exports. Even though the endowment effect is highly
significant, countries can still import forest products ir-
respective of their abundant forest resources. This is
due to the fact that the forest area may not directly
translate to productivity.

3.4 Results of forest products export
potential

3.4. Rezultati analize potencijala izvoza
drvnih proizvoda

In order to explore the unrealized forest products
trade potential of Turkey with its EU partners, trade
volumes estimated from the gravity model were com-
pared with the actual trade volumes from 2005 to 2020
and the results of mean values of periods 2005-2009,
2010-2014, and 2015-2020 are given in Table 4.

Turkey’s actual forest products exports increased
throughout the study period from an average of 396.8
million USD in the period of 2005-2009 to an average
of 433.6 million USD and 733.1 million USD in the
periods of 2010-2014 and 2015-2020, respectively.
Also, the average export potential increased from
320.2 million USD between 2005-2009 to 743.8 mil-
lion USD over the study period with an average un-
tapped export potential of 10.8 million USD in the pe-
riod of 2015-2020.

Turkey’s predicted exports exceeded its forest
products actual exports to Poland, Spain, Italy, France,
Slovenia, Luxembourg, and Denmark throughout the
study period. This implies that Turkey had untapped
forest products export potential with these EU coun-
tries from 2005 to 2020.

On the other hand, Turkey’s actual forest prod-
ucts exports exceeded the predicted export value with
Austria, Bulgaria, Hungary, Ireland, and Lithuania
throughout the study from 2005-2020. This implies
that Turkey exhausted its forest products export poten-
tial with these countries during this period. Akyiiz et al.
(2010) also observed that there were some countries
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Table 4 Turkey’s forest products export actual and potential values (1000 USD)
Tablica 4. Stvarne i potencijalne vrijednosti izvoza drvnih proizvoda iz Turske (1000 USD)

Country 2005-2009 2010-2014 2015-2020
Drzava XP Actual Potential XP Actual Potential XP Actual Potential
Austria 0.71 2657.233 1706.068 | 0.71 4013.960| 2772.556 0.78| 6247.090| 4780.713
Belgium 1.58 4776.022 7480.218 | 0.83| 10638.412 8663.375 0.75] 21180.091| 16000.602
Bulgaria 0.23| 67553.533| 15232.438| 0.46| 51793.270| 23528.207 0.56| 74433.428| 41617.799
Croatia 2.39 729.005 1338.558 1.41 1550.169 1836.228 0.95| 3492.122 3081.759
Cyprus 0.12| 38992.255 4739911 | 68.01| 29455.607| 7178.427|19397.71| 24631.464| 11522.889
Czech 0.98 2404.098 1692.419 1.82 1584.929 | 2764.995 1.01 4810.024 | 4858.124
Denmark 2.16| 2627.325 5573.901| 2.95| 2702.946| 7845.866 2.42| 5469.842| 13275.688
Estonia 1.68 188.457 252.483 1.12 882.501 374.832 0.73 956.098 675.309
Finland 0.96 1678.996 1525.977 1.90 1279.859 | 2268.554 2.03 1767.694 3513.359
France 1.37| 17347.649| 23392.417 1.14| 27333.499 | 30955.266 1.35| 39415.445| 53696.415
Germany 1.26| 28932.849| 36626.729| 0.97| 45805.860 | 43921.831 1.34| 63867.907| 84926.321
Greece 1.04 | 54343.720| 50865.761 1.20| 51450.387 | 59693.240 0.92 | 84433.217| 74101.156
Hungary 0.46 4150.138 1665.529 | 0.47| 5365.199| 2422.859 0.63 7623.816 4294.764
Ireland 0.34 7493.055 2294916| 0.30| 11940.315| 3536.833 0.40 | 19019.345 7611.188
Italy 1.34 | 20123.519| 26546.995 1.59| 23788.585| 36838.936 1.32| 44499.400| 58563.336
Latvia 1.37 368.467 373.958 1.39 533.719 515.318 0.69 1309.980 888.417
Lithuania 0.39 1720.601 631.472 | 0.51 1832.806 937.797 0.35| 4457.175 1517.564
Luxembourg 9.34 108.424 432932 | 5.80 90.027 478.973 3.50 407.702 934.223
Malta 0.75 547.196 359.244 | 0.76 1108.778 837.374 0.66 | 2876.567 1732.570
Netherlands 0.98| 11803.373| 11600.029 1.02| 16946.609 | 17454.568 1.21| 24857.668 | 30385.016
Poland 1.72 5508.313 9512.953 | 2.29| 6510.124 | 14725.237 2.94| 9428.035| 26551.856
Portugal 1.73 1775.817 2678.754| 0.87| 4314.815 3656.062 0.45| 15601.605 6100.140
Romania 0.86 | 59347.495| 50486.438| 2.37| 8515.018| 73421.297 2.95| 46301.985 | 138353.686
Slovakia 3.37 220.900 696.940 | 0.41 2748.673 1042.600 0.62 | 3842.385 2339.851
Slovenia 1.46 451.170 660.313 1.38 930.645 1308.429 1.54 1125.829 1749.426
Spain 2.02 8102.697 | 14928.171 1.88 9112.649 | 16542.429 1.55] 23292.263 | 36992.285
Sweden 1.24 3437.432 3827.142| 0.87| 7495.853 6267.848 0.73 | 13751.790 | 10094.287
UK 0.97 | 49452960 | 43073.342| 0.57|103909.497 | 56658.332 0.56 | 183969.517 | 103661.891
TOTAL 396842.699 | 320196.008 433634.711 | 428448.269 733069.484 | 743820.634

XP — mean values of export potentials in that period / XP — srednje vrijednosti izvoznih potencijala u promatranom razdoblju

where Turkey’s actual forest exports exceeded the pre-
dicted forest exports. These included only two coun-
tries - Bulgaria and Cyprus.

Even though Turkey had exceeded its forest
products export potential with Belgium, Portugal, Slo-
vakia, Sweden, Latvia, Greece, Estonia and Croatia at
the beginning of the study, gradually this trend changed.
The actual forest products exports from Turkey to these
countries exceeded the predicted export value in the
last periods. On the contrary, there some countries like
Romania, Finland, and Czech Republic, where Tur-
key’s actual forest products exports to these countries
exceeded the predicted value at the beginning of the
study (Table 4).

Similarly, the Turkey’s forest products actual ex-
ports to Cyprus generally exceeded the predicted ex-
ports in the period of 2005-2009. However, in the next
periods of 2010-2014 and 2015-2020, there is a huge
difference as the predicted export value exceeded the
actual forest products exports by an average XP of
68.01 and 19397.71 in the respective periods (Table 4).
This increase in the untapped export potential between
Turkey and Cyprus can be explained by the big fall in

forest products exports from Turkey to Cyprus from
2013. The UN Comtrade database reports that the total
forest products exports fell from over 34 million USD
in 2013 to just 22,346 USD in 2014 and this fall contin-
ued through to 2016 (United Nations, 2021).

4 CONCLUSIONS
4. ZAKLJUCAK

In this study, gravity models were applied and es-
timated to analyse the forest products trade between
Turkey and EU countries from 2005 to 2020. The find-
ings of the study highlight that the GDP of EU partner
countries, and the population of the exporting and im-
porting countries were highly significant determinants
of the volume of forest products exports from Turkey
to the EU, while the endowment factor of the EU coun-
tries relative to Turkey deters the forest products ex-
ports from Turkey to the EU countries.

The derived elasticities were applied to analyse
the export potential of Turkey to the EU and findings
highlight that there is untapped export potential that
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Turkey has to utilize to benefit from the foreign forest
products trade.

The study provides significant results that can
help policy makers to obtain a clearer view on how to
improve Turkey’s forest products trade with the EU.
Emphasis should be given to EU countries with higher
GDP and higher GDP growth. Turkey should take full
advantage of the deepening bilateral trade relationship
with the EU to serve as an instrument for the expansion
of forest products trade. Besides, the promotion of for-
est products exports is important in the economic
growth of the country and improves the international
competitiveness of its forest sector. As such, more ex-
port-focused schemes should be directed to the forest
products trade with the EU market.
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ABSTRACT e The majority of mechanical wood properties are negatively affected by wood moisture within the
hygroscopic range, disregarding the stress relaxation of wood at very low moisture contents (MC). In contrast,
the structural integrity and thus the brittleness of wood appears to be positively affected by moisture. This study
aimed at examining the effect of wood MC on the structural integrity of wood between the oven-dry state and MC
well above cell wall saturation (CWS), i.e., at approx. 100 %. For both softwood (Picea abies) and hardwoods
(Fagus sylvatica and Quercus robur), the structural integrity was assessed on the basis of the Resistance to Impact
Milling (RIM) originating from High-Energy Multiple Impact (HEMI) tests. RIM increased with increasing MC
in the hygroscopic range, which might be explained by stress relaxation and ‘gluing effects’inside the cell wall
polymer structure, resulting from a growing network of hydrogen bonds on cell wall level. Increasing MC above
CWS caused a slight decrease of RIM in the selected hardwood species, whereas no significant change in RIM
was observed when MC varied in the range from CWS to approx. 100 % for the softwood species Norway spruce.

KEYWORDS: brittleness, High-Energy Multiple Impact (HEMI) test, moisture content, moisture states, resis-
tance to impact milling (RIM)

SAZETAK - Sadrzaj vode u drvu unutar higroskopskog podrucja negativno utjece na vecinu mehanickih svojstava
drva, bez obzira na popustanje naprezanja pri vrlo niskom sadrzaju vode. Nasuprot tome, cini se da voda u drvu
pozitivno utjece na strukturnu cjelovitost, a time i na krtost drva. Cilj ovog istrazivanja bio je ispitati utjecaj sadrzaja
vode u drvu na njegovu strukturnu cjelovitost u podrucju izmedu apsolutno suhog stanja i sadrzaja vode znatno veceg
od tocke zasicenosti viakanaca, oko 100 %. Strukturna cjelovitost za Cetinjace (Picea abies) i listace (Fagus sylvatica
i Quercus robur) procijenjena je na temelju otpornosti na mljevenje udarcima (RIM), odredene primjenom testova
visestrukih udaraca visoke energije (HEMI test). S povec¢anjem sadrzaja vode u drvu u higroskopskom se podrucju
povecao i RIM, sto se moze objasniti popustanjem naprezanja i ,,efektom lijepljenja’ unutar polimerne strukture
stanicne stijenke zbog povecanja broja vodikovih veza. Povecanje sadrzaja vode iznad tocke zasicenosti vliakanaca
uzrokovalo je blago smanjenje RIM-a odabranih listaca, dok je primijecena znacajna promjena RIM-a u smrekovine
kada je sadrzaj vode varirao u rasponu od tocke zasic¢enosti vlakanaca do priblizno 100 %.

KLJUCNE RIJECI: krtost, test viSestrukih udaraca visoke energije (HEMI test), sadrzaj vode, stanja vlaznosti
drva, otpornost na mljevenje udarcima (RIM)
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1 INTRODUCTION
1. UVOD

Wood density and moisture content (MC) are the
main variables affecting the mechanical properties of
wood (Ghelmeziu, 1938; Kollmann, 1951; Wang and
Wang 1999; Lachenbruch et al., 2010). The stiffness and
strength properties of wood are usually positively cor-
related with wood density (Niemz and Sonderegger,
2003; Niklas and Spatz, 2010; Brischke, 2017), and
negatively correlated with wood MC in the hygroscopic
range, i.c., below cell wall saturation. The latter is often
referred to as fibre saturation, which is a somewhat mis-
leading term and does not necessarily represent the
moisture state of the wood, from which the mechanical
properties and dimensional changes stay unaffected
(Brischke and Alfredsen, 2020). However, the latter re-
lationship is more complex. Several mechanical proper-
ties show an optimum at 6—12 % wood MC and decrease
from there with increasing wood MC until cell wall satu-
ration (Kretschmann and Green, 1996; Miiller, 2015).
Below this optimum, stress relaxation of the cellulose
fibrils may occur, and provoke an increase in strength
and stiffness (Ishimaru ef al., 2001).

Above cell wall saturation, i.e., when the cell lu-
mens start to get filled with free water, no further
changes in mechanical properties are expected, since
water bodies inside the cell lumens are not supposed to
contribute to the overall stiffness and strength of moist
wood (e.g., Hering ef al., 2012). Solely, at very high
moisture loads of the xylem tissue, the incompressibil-
ity of the liquid water may enhance its compression
strength and derivative properties of the wood. Similar
observations were made by Megnis ef al. (2002) and
Ulvcrona et al. (2006), who suggested hydraulic ef-
fects in Norway spruce (Picea abies) wood impreg-
nated with vegetable oils.

Remarkably enhanced structural integrity was ob-
served in wood samples after water pressure impregna-
tion and soaking in a study by Brischke et al. (2014),
who conducted High-Energy Multiple Impact (HEMI)
tests on different timbers for marine applications. The
Resistance to Impact Milling (RIM) was significantly
higher for the majority of wood species under test com-
pared to those obtained with oven-dry specimens. In
contrast, the dynamic and static hardness of the matched
samples were reduced through wetting. However, inter-
mediate MCs between the absolute dry state and water
saturation were not the focus of their study. In HEMI
tests, small defect-free wood specimens were crushed
using steel balls in the bowl of a heavy vibratory disc
mill. The fragments obtained were analysed and the de-
gree of integrity (I) as well as a percentage of fine frag-
ments (F, fragments smaller than 1 mm in width) were
determined. The R/M data can be used to detect traces of
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wood degradation, e.g., through thermal and chemical
modification, fungal decay, gamma irradiation, and salt-
induced damage (Brischke et al., 2006, 2012; Rapp et
al., 2006; Despot et al., 2007; Welzbacher et al., 2011;
Kirker et al., 2020; Emmerich ef al., 2021). The RIM
values obtained in HEMI tests are rather insensitive to
wood density variation and macroscopic defects such as
checks after weathering (Brischke, 2017). In contrast,
the structural integrity of wood, expressed as RIM,
seems to be affected by wood moisture content, opposite
to the well-known relationship between different
strength properties of wood and MC.

The aim of this study was therefore to examine
the impact of changes in the wood MC below and
above cell wall saturation on the structural integrity of
wood. Therefore, three wood species were investigated
as examples, representing coniferous, ring-porous, and
diffuse-porous hardwoods.

2 MATERIALS AND METHODS
2. MATERIJALI I METODE

2.1 Preparation and conditioning of wood
specimens

2.1. Priprema i kondicioniranje uzoraka drva

Axially matched specimens of 5 mm x 20 mm
x 10 mm (ax.) were prepared from European beech
(Fagus sylvatica), English oak (Quercus robur), and
Norway spruce (Picea abies). The specimens were cut
from 20 lattices per wood species with a cross-section
of 5 mm x 20 mm. Thus, each set of 20 specimens con-
tained one specimen per lattice. In total, 1,300 speci-
mens were prepared from each wood species repre-
senting 65 sets, i.e., sets for n=>5 replicate tests for each
target moisture content (MC), which was calculated
according to Eq. 1. The target MC and the respective
conditioning regimes are summarised in Table 1.
M =" " Meond 100 (9] (1)

0
where the moisture content MC is calculated on the ba-

sis of the initial oven-dry mass before conditioning (,
after drying at (103+2) °C for 48 h) and the conditioned
mass in equilibrium state (m_ ).

2.2 High-Energy Multiple Impact (HEMI)
tests

2.2. Test viSestrukih udaraca visoke energije
(HEMI test)

The development and optimisation of the HEMI
test was described by Rapp ez al. (2005) and Brischke et
al. (2006a, b). In the present study, the following proce-
dure was applied: 20 oven-dried specimens of 10 mm
(ax.) x 5 mm x 20 mm were placed in the bowl (140 mm
in diameter) of a heavy-vibratory-impact ball mill (Her-
zog HSM 100-H; Herzog Maschinenfabrik, Osnabriick,
Germany) together with one steel ball of 35 mm diame-
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Table 1 Target moisture contents and corresponding conditioning regimes
Tablica 1. Ciljani sadrzaj vode i odgovaraju¢i rezimi kondicioniranja

Target moisture content, % N, q - S
G g vt Y Conditioning regime / Rezim kondicioniranja
0 Oven-drying at 103°C
5 23 % RH (CH,CO,K)*, 20 °C
8 43 % RH (K,CO,)*, 20 °C
12 65 % RH, Climate cabinet
15 75 % RH (NaCl)*, 20 °C
18 85 % RH (KCI)*, 20 °C
25 98 % RH (K,SO,)*, 20 °C
30 Exposed above a deionised water body, 20°C
30
40 . . . o .
50 Vacuum-pressure impregnation during submersion in water and subsequent re-drying
%0 Vakuumsko-tlacna impregnacija vodom i ponovno naknadno susenje
100

*Exposure above respective saturated salt solution or deionised water until constant mass / izlaganje iznad odgovarajuce zasicene otopine soli

ili deionizirane vode do konstantne mase

ter for crushing the specimens. Three balls of 12 mm
diameter and three of 6 mm diameter were added to en-
sure the impact with smaller wood fragments. The bowl
was shaken for 60 s at a rotary frequency of 23.3 s and
a stroke of 12 mm. The fragments of the 20 specimens
were fractionated on a slotted sieve according to ISO
5223 (1996) with a slit width of 1 mm using an orbital
shaker at an amplitude of 25 mm and a rotary frequency
0f 200 min™! for 2 min. Sieving served to identify the fine
fragments being smaller than 1 mm, whereas the 20 big-
gest fragments from the entire fraction were selected
visually. Subsequently, the degree of integrity (/), fine
fraction (F) and Resistance to Impact Milling (RIM)
were calculated according to Eq. 2-4:

7="20 100 [%) @)

my,

where the degree of integrity / is the ratio of the mass
of the 20 biggest fragments m,, to the mass of all frac-
tions m , after crushing.

me, s<lmm
F — fragments<1 . 100 [%] (3)

mall

where the fine fraction F is the ratio of the mass of
fragments < 1 mm to the mass of all fractions m , mul-

tiplied by 100.
riny -4 =3 F)+300
400

[%] “4)
where RIM is the resistance to impact milling as a
measure for the structural integrity of the material.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The structural integrity of the tested wood spe-
cies was significantly affected by wood moisture in the
hygroscopic range, as shown in Table 2 and Figure 3.

The Resistance to Impact Milling (RIM) of all three
wood species was linearly positively correlated with
the wood moisture content (MC), but this effect was
wood-species-specific, with beech being less affected
than Norway spruce and English oak. In contrast to the
hygroscopic range, only the RIM of the hardwoods was
negatively affected by the wood MC above cell wall
saturation (CWS), showing a slight logarithmic de-
crease with increasing MC. In contrast, the RIM of
Norway spruce occurred to be unaffected by the wood
MC above CWS (Figure 3). The absolute values of the
degree of integrity (/), the fine fraction percentage (F)
and the RIM as well as their standard deviations are
summarised in Table 2. The latter is remarkably low
regardless of the MC. Even at the highest MC, i.¢., ap-
proximately at 100 %, the coefficients of variation
(COV) were less than 2 %.

The effect of wood MC on structural integrity
was opposite to those on different mechanical proper-
ties, as reported by Gerhards (1982), who found nega-
tive effects of moisture content in a range between 6
and 20 % on the following in descending order:
compressive strength > compressive

parallel to the grain

strength vt o0 the srain bending strength >

MOE iy > shear modulus > tensile
perpendicular to the grain

strength > tensile strength

parallel to the grain perpendicular to the grain
MOE .. Similar negative effects of wood MC
parallel to the grain

on different mechanical properties have been observed
by Wang and Wang (1999), Nocetti ef al. (2015), and
Mvondo et al. (2017). At MC below 10 %, some me-
chanical properties such as tensile strength increase
with increasing MC. The latter is commonly accepted
to be the result of stress relaxation (e.g., Kretschmann
and Green, 1996; Ishimaru et al., 2001). The progres-
sive moistening of wood leads to a decline of different
static and dynamic mechanical properties since more
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Table 2 Moisture content (MC in %), degree of integrity (/ in %), fine fraction (¥ in %) and Resistance to Impact Milling
(RIM in %) depending on wood species (mean values with standard deviation in parentheses)
Tablica 2. Sadrzaj vode (MC, u %), stupanj cjelovitosti (/, u %), fina frakcija (¥, u %) i otpornost na mljevenje udarcima

(RIM, u %) ovisno o vrsti drva (srednje vrijednosti sa standardnom devijacijom navedene su u zagradama)

Wood species / Vrsta drva MC, % L% F, % RIM, %
0(=0) 439 (x 1.5) 6.4 (£ 0.9) 81.2 (+ 1.0)
4101 477 (2.8) 6.4 (£0.9) 83.9 (+ 1.3)
71 (£0.1) 511 (£3.9) 2.7 (£0.9) 85.7 (£ 1.4)
113 (x02) 583 (= 1.8) 1.0 (*0.1) 88.8 (+ 0.4)
11.9 (£0.1) 59.1 (£2.1) 1.1 (£0.6) 88.9 (£ 0.5)
14.7 (£ 0.1) 63.1 (+3.8) 0.6 (£0.1) 90.3 (£ 1.0)
Quercus robur L. 18.9(£0.2) 66.8 (£2.6) 0.2 (£0.1) 91.5 (+0.6)
219 (£0.3) 69.0 (+ 4.9) 0.2 (+0.0) 92.1 (+ 1.3)
32.0(=0.1) 78.7 (£ 6.8) 0.1 (£0.0) 94.6 (+ 1.7)
417 (£ 0.4) 76.1 (= 7.8) 0.1 (= 0.0) 93.9 (+2.0)
61.7 (£0.4) 70.4 (£4.6) 0.1 (£0.0) 92.5(+1.2)
802 (= 1.6) 67.0 (+6.1) 0.1 (+0.0) 91.6 (+ 1.6)
98.9 (+2.9) 69.9 (£2.7) 0.1 (£0.0) 92.4 (+0.7)
0(=0) 53.5 (+2.0) 11(=0.1) 87.5 (= 0.5)
41(£0.1) 55.6 (+ 2.0) 0.6 (£0.1) 88.4 (£ 0.5)
7.0 (£ 0.1) 58.3 (+3.6) 0.3 (£ 0.0) 89.4 (+0.9)
114 (£0.1) 63.0 (£4.7) 0.2 (£0.1) 90.6 (+ 1.2)
121 (£0.1) 62.3 (+3.9) 0.1 (= 0.0) 90.5 (+ 1.0)
157 (£ 0.1) 67.0 (+3.9) 0.1 (= 0.0) 91.7 (£ 1.0)
Fagus sylvatica L. 20.7 (+0.0) 71.3 (£2.9) 0.0 (£0.0) 92.8 (+0.8)
24.6 (£ 0.7) 77.0 ( 4.1) 0.1(=0.1) 942 (£ 1.1)
32.0(£0.2) 80.9 (£4.0) 0.0 (£0.0) 95.2 (£ 1.0)
41.1(£009) 77.0 (= 6.7) 0.0 (= 0.0) 942 (+ 1.7)
61.6 (+0.2) 718 (+52) 0.0 (= 0.0) 92.9 (+ 1.3)
81.1 (£0.7) 69.8 (£4.0) 0.0 (£ 0.0) 92.4 (+ 1.0)
98.8 (+ 1.5) 712 (£6.2) 0.0 (& 0.0) 92.8 (£ 1.6)
0(=0) 28.1 (= 3.4) 1.7 (0.3) 80.8 (£ 0.8)
48 (+0.1) 35.7 (£3.7) 1.1(x02) 83.1 (+0.8)
8.1 (£0.1) 374(x5.1) 0.9 (£0.1) 83.7 (£ 1.3)
122(*0.1) 49.5 (£3.1) 0.4 (0.1) 87.1 (+0.8)
132(x0.1) 494 (= 1.7) 03 (=0.1) 87.1 (£ 0.4)
16.6 (£ 0.2) 56.1 (£ 4.2) 0.4 (£0.1) 88.7 (= 1.1)
Picea abies (L.) H. Karst. 21.2 (£0.3) 63.7 (£2.2) 0.2 (£0.1) 90.8 (+0.6)
228(0.5) 67.5 (£3.3) 03 (*02) 91.7 (£0.7)
333 (£023) 72.9 (= 43) 02 (£02) 93.0 (£ 1.1)
416 (= 1.6) 73.0 (£ 4.1) 02(*0.1) 93.1 (£ 1.0)
62.5 (+0.3) 724 (+33) 0.1 (0.0) 93.0 (£ 0.8)
82.5 (+ 0.5) 748 (= 0.8) 0.1(=0.1) 93.6 (+0.2)
100.4 (£ 2.7) 70.9 (+ 4.1) 0.1 (*0.1) 92.6 (£ 1.0)

and more water molecules lose the bonds within the
hierarchical cell wall structure. The situation is differ-
ent with the structural integrity of wood. Both, the de-
gree of integrity / and the R/M increased with increas-
ing MC in the hygroscopic range (Figure 1 and Figure
3), which again might be explained to some extent by
stress relaxation. In consideration of the fine fraction
percentage F, which clearly dropped from the oven-dry
state to the CWS (Figure 2), ‘gluing effects’ (Brischke
et al., 2012) might have a further positive effect on the
structural integrity and occur with increasing amount
of hydrogen bonds.
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In contrast, the values of 7 and RIM in English
oak and beech decreased slightly with increasing MC
in a range between CWS and approx. 100 %. The struc-
tural integrity of Norway spruce was not significantly
affected by MC changes above CWS.

Ghelmeziu (1938) conducted comprehensive ex-
periments on numerous factors influencing the Impact
Bending Strength (/BS) of wood, including the wood
MC. Since impact bending is among the dominating
loads in HEMI tests (Welzbacher et al., 2011), one may
expect similar interrelationships between wood MC
and /BS and RIM, respectively. As shown in Figure 4,
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Figure 1 Relative degree of integrity (/

relative

) depending on MC in hygroscopic and over-hygroscopic MC range shown for

English oak (Quercus robur L.), European beech (Fagus sylvatica L.) and Norway spruce (Picea abies (L.) H. Karst.)

Slika 1. Relativni stupanj cjelovitosti (/

relativno

) ovisno o sadrzaju vode u higroskopskom podruéju i iznad njega za hrastovinu

(Quercus robur L.), bukovinu (Fagus sylvatica L.) i smrekovinu (Picea abies (L.) H. Karst.)

Ghelmeziu’s data do not demonstrate a clear relation-
ship between /BS and wood MC, neither below nor
above the CWS. While IBS and RIM are quite well cor-
related for a given MC in both untreated (Brischke,
2017) and modified wood specimens (Emmerich et al.,
2021), they are apparently affected differently by wood
MC. A general issue with the results of dynamic me-
chanical testing of wood is their high variability. As
Ghelmeziu (1938) and many others have noted, this is
particularly valid for the wood’s impact bending
strength and may have masked a possible relationship
between the /BS and MC data presented in Figure 4.

Thus, on opposite to standardised dynamic mechanical
testing methods, RIM as a measure of the structural in-
tegrity turned once more out as an appropriate and sen-
sitive method to detect physical or chemical changes
on cell wall level, which in this study originated from
deposits of water molecules.

4 CONCLUSIONS
4. ZAKLJUCAK

The structural integrity of wood, as a measure of
the resistance of wood against dynamic impacts, seemed
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Figure 2 Relative fine fraction (¥ ; ) depending on MC in hygroscopic and over-hygroscopic MC range shown for English
oak (Quercus robur L.), European beech (Fagus sylvatica L.) and Norway spruce (Picea abies (L.) H. Karst.)

Slika 2. Relativna fina frakcija (F, . ) ovisno o sadrzaju vode u higroskopskom podrudju i iznad njega za hrastovinu
(Quercus robur L.), bukovinu (Fagus sylvatica L.) i smrekovinu (Picea abies (L.) H. Karst.)
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Figure 3 Relative resistance to impact milling (RIM, . ) depending on MC in hygroscopic and over-hygroscopic MC range

shown for English oak (Quercus robur L.), European beech (Fagus sylvatica L.) and Norway spruce (Picea abies (L.) H.
Karst.)

Slika 3. Relativna otpornost na mljevenje udarcima (RIM . 1 ovisno o sadrzaju vode u higroskopskom podrucju i iznad

njega za hrastovinu (Quercus robur L.), bukovinu (Fagus sylvatica L.) 1 smrekovinu (Picea abies (L.) H. Karst.)
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Figure 4 Relative impact bending strength (/BS . ) depending on MC in hygroscopic and over-hygroscopic MC range

shown for English oak (Quercus robur L.), European beech (Fagus sylvatica L.) and Norway spruce (Picea abies (L.) H.
Karst.)

Slika 4. Relativna udarna ¢vrsto¢a (IBS, . ) ovisno o sadrZaju vode u higroskopskom podrucju i iznad njega za hrastovinu
(Quercus robur L.), bukovinu (Fagus sylvatica L.) i smrekovinu (Picea abies (L.) H. Karst.)

to be significantly affected by the wood MC in the range
from 0 % MC to CWS. Such interrelationship between
wood MC and its behaviour under dynamic loads was
derived from a multiple dynamic impact test (HEMI
test) and this could hardly be verified in standardised
single dynamic impact tests (e.g. impact bending
strength). In particular, the structural integrity (RIM) in-
creased linearly with increasing wood MC up to CWS
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for both softwoods and hardwoods. Conversely, increas-
ing the wood MC from CWS to ca. 100 % caused a
slight decrease in RIM for the hardwood species, with-
out a significant impact on the RIM of Norway spruce.
MC induced changes in structural integrity (RIM) along
the hygroscopic range could be explained by stress re-
laxation and ‘gluing effects’ resulting from a growing
network of hydrogen bonds at the cell wall level.
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ABSTRACT . The paper provides a limited overview of existing pressure sensors based on composite technol-
ogy from carbonized biomass and synthetic materials which could be implemented in seating furniture. Carbon-
based pressure sensors have proven to be good for pressure measurement that works on the principle of the
piezoresistive effect. Research on materials based on carbonized components of biological origin encourages the
development of composite sensors made of different materials, which have different negative and positive proper-
ties. Despite the great potential, such sensors are still not sufficiently researched and there is a lot of space for
their improvement. Today s rapid development of technologies and frequent work at the computer leads to exces-
sive sitting while working, which is a big problem for human health. Chairs with sensors could be increasingly
used in the future, and in combination with the Internet of Things could be used to monitor the sitting habits and
health of users. Sensors implemented in seating furniture are one way of monitoring sitting habits, warning users
of inappropriate body positions when sitting, and mitigating the negative consequences of long-term improper
sitting. The paper analyses research that includes the production and application of sensors made of carbonized
bio-materials, which could be used in seating furniture with the aim of monitoring the way of sitting based on the
principle of pressure detection. So far, the results have not provided the requested answers. However, they provided
an overview of technologies that, with additional research, likely have the potential to be incorporated into seating
Sfurniture.

KEY WORDS: carbonized biomaterials, biosensors, seating furniture, smart seating, health

SAZETAK « Rad donosi ogranicen pregled postojecih senzora tlaka utemeljenih na tehnologiji kompozita od kar-
bonizirane biomase i sintetskih materijala koji bi se mogli implementirati u namjestaj za sjedenje. Senzori tlaka na
bazi ugljika pokazali su se dobrima za mjerenje tlaka na nacelu piezootpornickog ucinka. IstraZivanja materijala
na bazi karboniziranih komponenata bioloskog podrijetla poticu razvoj kompozitnih senzora od razlicitih materi-
Jala koji imaju negativna i pozitivna svojstva. Unatoc velikom potencijalu, takvi senzori jos nisu dovoljno istrazeni
te postoji mnogo prostora za njihovo unaprjedenje. Danasnji brzi razvoj tehnologija i dugotrajan rad za racuna-
lom rezultiraju prekomjernim sjedenjem pri radu, sto je velik problem za covjekovo zdravlje. Stolice sa senzorima
u buducnosti bi mogle naci sve vec¢u primjenu, a u kombinaciji s mreznom strukturom Internet stvari mogle bi se
iskoristiti za pracenje navika sjedenja i zdravlja korisnika. Senzori implementirani u namjestaj za sjedenje jedan
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su od nacina pracenja navika sjedenja, upozoravanja korisnika na neodgovarajuce polozaje tijela pri sjedenju i

za ublazavanje negativnih posljedica dugotrajnoga nepravilnog sjedenja. U radu su analizirana istrazivanja koja

obuhvacaju izradu i primjenu senzora od karboniziranih biomaterijala koji bi mogli naci primjenu u namjestaju

za sjedenje radi pracenja nacina sjedenja na nacelu detektiranja tlakova. Rezultati zasad nisu dali trazene odgo-

vore. Medutim, dali su pregled tehnologija koje uz dodatna istraZivanja vjerojatno imaju potencijala za primjenu

u namjesStaju za sjedenje.

KLJUCNE RIJECI: karbonizirani biomaterijali, biosenzori, namjestaj za sjedenje, pametno sjedenje, zdravlje

1 INTRODUCTION
1. UVOD

It is a time of exponential development of tech-
nology and frequent work on the computer, where ex-
cessive sitting is a big problem for human health (Oven
et al., 2010). Chairs with sensors will be in increasing
use, which, in combination with the Internet of Things,
can be put to good use in monitoring the habits and
health of users, and thus in the prevention of potential
diseases.

Piezoresistive pressure sensors have attracted
great interest from scientists in today’s time of expo-
nential technological development (Tai et al., 2022).
Their potential application is present in the develop-
ment of the latest technologies such as wearable elec-
tronics or intelligent systems like robotic sensors, elec-
tronic skin, systems for monitoring movement or
monitoring physiological information of the human
organism (Lei ef al, 2022; Zhang et al., 2019). Car-
bon-based composite pressure sensors have proven to
be an excellent means of pressure measurement that
functions on the principle of piezoresistive effect
(Huang et al.,, 2017).

The piezoresistive effect represents a change in
the electrical resistance of a material (e.g. semiconduc-
tor or metal) under mechanical stress. The change in
resistance occurs due to a change in the geometry
(crystal lattice) and electrical conductivity of the mate-
rial. It is significantly higher in semiconductors than in
metals. Piezoresistive sensors based on silicon semi-
conductors are commonly used. In such an example,
four Si-resistors are pressed into the semiconductor
membrane and connected in a Wheatstone bridge. Un-
der the influence of pressure, the diaphragm deforms,
thereby changing the electrical resistance of the four
resistors. The change in resistance is proportional to
the applied pressure. This means that the voltage dif-
ference across the Wheatstone bridge is proportional to
the applied pressure (Bolf, 2019; Tran et al., 2018).

Various materials based on carbonized compo-
nents of biological origin have been researched by many
authors, and composite sensors made of different mate-
rials have been developed based on their findings. Each
of them shows different negative and positive proper-
ties. Despite the great potential, such sensors are still not
sufficiently researched and there is a lot of space for
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their improvement. Therefore, scientists devoted them-
selves to finding a suitable material that would adequate-
ly replace expensive and non-renewable materials (Bar-
toli et al., 2022; Liu et al., 2018; Mishra et al., 2021).
Given that the search for an ideal material emphasizes
naturally renewable, ecological and cheap materials,
carbon-rich carbonized biomass was found at the center
of the research. In order to produce a high-quality sensor
of this type, it is necessary to design a composite mate-
rial that will be extremely sensitive, long-lasting and
stable in different conditions. The functioning of this
type of sensor can be influenced by numerous material
factors such as electrical conductivity, mechanical prop-
erties, stability in different conditions and the range of
pressure sensitivity.

When talking about the use of these sensors in fur-
niture, negative properties can be weak flexibility, insuf-
ficient sensitivity at relatively low pressures, permanent
deformation and low repeatability. Positive properties
would be the design of the sensor for working at lower
pressures, suitable for those that occur when sitting, then
great durability and linear characteristics.

Wood is the most available renewable resource
and offers a sustainable solution for making light-
weight carbonized materials (Chen, Z. et al., 2020). In
modern technology, pressure sensors must often have
high sensitivity and a wide linear range. However,
there are few who can meet both criteria. The active
material of the sensor would have to have a rough sur-
face so that the electrode can respond sensitively to
pressure changes. In addition, such a material would
have to withstand a high degree of deformation, i.e.
maintain good sensitivity in a large pressure range
(Huang et al., 2018). Natural wood has a unique 3D
microstructure that implies a hierarchy of intercon-
nected channels along its growth direction. Lignin is
the most abundant aromatic substance on Earth, and at
the same time it is cheap, renewable, environmentally
friendly, and available. Carbonized lignin as a conduc-
tive component is a suitable material for making a flex-
ible composite with polydimethylsiloxane (PDMS) as
a polymer matrix (Wang et al., 2018). Similar to the
occurrence of lignin, cellulose is the most common re-
newable biopolymer (also sustainable, biocompatible,
and biodegradable) on Earth, which is mainly obtained
from cotton and lignocellulosic biomass (most often
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wood or grass). For example, sensors based on cellu-
lose paper are increasingly used in “green” electronics
due to their wide distribution, low cost, light weight,
and excellent flexibility and sustainability (Chen ef al.,
2018). Lignin and cellulose are suitable components
for creating aerogel — a porous material of low density
(contains more than 90 % air), which can have excel-
lent mechanical properties, high compressibility, resis-
tance to material fatigue and excellent sensitivity in a
wide range of working pressure. Chen et al. (2020) in-
vestigated an aerogel based on flexible cellulose nano-
fibers (CNF) connected in a 3D network. In the net-
work created in this way, alkali-lignin (obtained by the
alkaline process of cooking cellulose) with its high
thermal stability reduces thermal deformation, thus
creating a very stable structure.

Light and elastic carbon materials, thanks to their
outstanding properties, represent one of the most im-
portant candidates for the development of high-perfor-
mance flexible sensors. In the last few years, a number
of carbon materials with low density and high porosity
have been synthesized from nanocarbon, such as gra-
phene, graphene oxide, carbon nanotubes (CNT) or
their composites. The carbon materials obtained in this
way show good mechanical properties, which implies
elasticity, and in addition, they have exceptional elec-
trical properties and as such are suitable for making
sensors in the increasingly common so-called wearable
technology. However, they are non-renewable, and the
process of their production is expensive and complex
(Chen et al., 2020). Often, when making flexible pres-
sure sensors, materials such as polyurethane (PU)
foams and melamine-formaldehyde (MF) foams are
used; however, they are also not environmentally
friendly due to the way they are manufactured (Li et
al., 2021).

On the other hand, biochar can be a good solution
for the conductive sensor component due to its ease of
production, low cost, and positive attitude towards the
environment. However, not every biochar has electri-
cal conductivity, and it depends on many factors. Some
of these factors are the mass fraction and density of the
powdered carbonized material in the composite, or the
pyrolysis temperature in the carbonization process of
biomaterials. Marrot et al. (2022) obtained results in
which the conductivity test showed that pyrolysis at
higher temperatures results in higher conductivity of
biochar particles at the desired pressure or density of
the compacted biochar particles. Understudied electri-
cal conductivity of biochar in composite materials may
be a potential for innovation in this area. In addition,
polyvinyl alcohol has numerous advantages such as
easy processing, high durability, low price, non-toxici-
ty, and favorable insulating properties (Nan and DeVal-
lance, 2017). Noori ef al. (2020) state that the produc-

tion of tea is one of the largest productions of
beverages in the world. By preparing tea in the extrac-
tion process, only a small number of compounds are
removed, and a large amount of usable residue remains,
which can be used for the purpose of making biochar.
Global rice production is increasing to keep pace with
the growing global population as well. Rice husk is a
by-product in the production of rice, which is obtained
by peeling the grain. According to Haffiz et al. (2017),
rice husk is a cheap and sustainable solution for mak-
ing a conductive pressure sensor component. Such a
conductive component in combination with PDMS
forms the active part of the sensor. In recent years,
pressure sensors made of carbonized fabric have ap-
peared; they are characterized by excellent flexibility
and pressure reading, as well as ease of preparation and
low cost. Given that fabrics in the sensor function are
still insufficiently researched, Chang et al. (2020) in-
vestigated a flexible sensor based on carbonized cotton
fabric and thermoplastic polyurethane (TPU).

The aim of this paper is to present different types
of existing pressure sensors made of carbonized com-
ponents obtained from biomass, with an emphasis on
sensors that have the potential to be installed in seating
furniture with the purpose of monitoring the way of
sitting based on the principle of pressure detection.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Data for this research was collected from data-
bases of scientific articles with open access from sev-
eral fields of science (technical and biotechnical, bio-
medical and health, and natural sciences).

The keywords for the database search were: “bio-
char pressure sensor” and ‘“carbonized pressure sen-
sor”. Databases (such as IEEE Xplore, ACS Publica-
tions, ScienceDirect, SpringerLink) were searched
during June and July 2022, and included papers pub-
lished in the last five years (2017-2022). Papers that
included sensors made of carbonized organic materials
were selected. Papers related to strain sensors were ex-
cluded from the overview, as well as papers with pres-
sure sensors in which the combination of conductive
component material and resin matrix material (carrier)
was repeated.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The analysis of pressure sensors based on a car-
bonized component of organic origin found that there
are different types of sensors, but they all have a com-
mon feature of working on the principle of piezoresis-
tive effect. Most of them were developed for the pur-
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pose of use in wearable devices, i.e. robotic skin or
devices for monitoring biosignals in humans.

The manufacturing method and methods of re-
searching their properties can be found in the original
articles of the cited authors, while here is a presentation
of basic details and results that can be interesting
guidelines for future research and application in seat-
ing furniture.

3.1 Biochar sensor of wood origin and
polyvinyl alcohol

3.1. Senzor od biougljena drvnog podrijetla i
polivinil alkohola

Polymer composites based on electroconductive
carbon are considered acceptable materials for pres-
sure and strain sensors based on the piezoresistive prin-
ciple of operation. Nan and DeVallance (2017) investi-
gated the responses of a pressure sensor as a composite
material obtained from a mixture of hardwood biochar
and polyvinyl alcohol (PVA). The produced composite
PVA/biochar sensors showed piezoresistive properties
under pressure. It was observed that, as the biochar
content changed within sensor, the electrical response
also changed proportionally, i.e. by increasing the pro-
portion of biochar from 8 wt% to 12 wt%, the output
voltage increased, as the sensor was subjected to in-
creasing pressure. However, in such situations, one
should be careful, because a further increase in the pro-
portion of the substance does not necessarily lead to an
improvement in the properties of the sensor, but on the
contrary, it may reach a threshold when the sensor be-
comes unusable. Furthermore, with increasing pres-
sure, the resistance of the PVA/biochar composite sen-
sor gradually decreased. The effect of composite
thickness was found to be important, but also complex,
as many factors, such as biochar particle size, their
amount and spatial distribution, and the electrical and
mechanical properties of the PVA/biochar films likely
influenced the results. In addition, temperature can af-
fect the electrical response and piezoresistive effect of
the PVA/biochar sensor. However, the research results
showed that in the temperature range from 25 to 70 °C
the sensors were relatively stable. The research showed
that there is a basis for further research on the influence
of particle size and conductivity properties of biochar,
because the electrical response and piezoresistive be-
havior of polymer materials filled with biochar and car-
bonized wood material are repeatable and stable.

3.2 Biochar sensor made of tea origin and
polypropylene
3.2. Senzor od biougljena ¢ajnog podrijetla i

polipropilena

Noori et al. (2020) investigated a composite ma-
terial based on biochar obtained from exhausted tea
leaves and polypropylene. The developed biochar sam-
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Figure 1 Electrical conductivity as a function of pressure on
fillers and biochar with a loading of 40 wt%, carbon black
and tea biochar (Noori ef al., 2020)

Slika 1. Elektri¢na vodljivost kao funkcija pritiska na punila
i biougljen s udjelom od 40 wt%, na ¢adu i biougljen ¢aja
(Noori et al., 2020.)

ples proved to be poorly conductive up to low tempera-
tures. A produced powder was dispersed in a polypro-
pylene matrix up to a load of 40 wt%, and a noteworthy
conductivity was obtained (Figure 1). However, at
such a high level of biochar content, after the initial
increase in conductivity, applied pressures above a cer-
tain point no longer result in different electrical out-
puts, which is why the sensors can only be useful for
detecting the presence of pressure, but not their values.
The properties of the produced materials were
determined in detail by testing mechanical, thermal,
morphological, and electrical characteristics in relation
to temperature. The material showed a general im-
provement in mechanical and thermal properties when
the amount of filler was varied instead of the type of
filler, as similar concentrations of carbon black and
biochar caused similar effects. Electrical conductivity
was also studied for a large range of pressures, when
the sensor underwent plastic deformation. An increase
in conductivity by a whole order of magnitude was ob-
served in the case of biochar loading of 40 wt%. This
phenomenon occurs together with plastic deformation,
effectively acting as an irreversible overpressure detec-
tor. The researched technology could find application
in various areas where it would serve as a sensor to
detect irregularities due to, for example, impact.

3.3 Biocarbon sensor from cellulose fibers
3.3. Biouglji¢ni senzor od celuloznih viakana

According to Li et al. (2021), it is a major chal-
lenge to fabricate compressible aerogels for flexible
pressure sensors from cellulose-based materials in an
environmentally and cost-effective manner. Carbon-
ized cellulose fiber network (CCFN) and polydopa-
mine (PDA) are materials for a flexible pressure sensor
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Figure 2 Relative change in electrical current [(I-[ )/ ] as a
function of pressure ranging from 0 to 50 kPa in PDA/
CCFN-based pressure sensor (Reprinted (adapted) with
permission from Li et al. Copyright 2021 American
Chemical Society)

Slika 2. Relativna promjena elektri¢ne struje [(I-I))/1,] kao
funkcija tlaka u rasponu od 0 do 50 kPa u PDA/CCFN
senzoru tlaka (preuzeto s dozvolom iz Li et al., Copyright
2021 American Chemical Society)

obtained in a low-cost, scalable, and environmentally
friendly process. This process gives the prepared pres-
sure sensor high compressibility and excellent me-
chanical durability.

The pressure sensor based on PDA/CCFN has a
high sensitivity of 8 kPa™ and 40 kPa™' at pressure
ranges of 0—10 kPa and 10—50 kPa, respectively (Fig-
ure 2). The sensor has a detection limit of less than 0.5
Pa, a fast response time (for a pressure of 50 Pa: 50 ms
and 20 ms for loading and unloading, respectively),
and a very good repeatability of 1000 cycles (for a
pressure of 20 kPa). The excellent properties of this
kind of sensor enable accurate recognition of various
human actions, it can monitor fine biomedical signals
in humans and more. The development of a flexible
cellulose fiber pressure sensor that can be used to map
the pressure distribution or as a pixel detector to detect
spatially resolved pressure is a new viable approach in
fabrication for applications in electronic skin and wear-
able electronics; however, due to its high sensitivity, it
is not applicable in seating furniture.

3.4 Carbonized wood sensor with
polydimethylsiloxane filling

3.4. Senzor od karboniziranog drva s punilom
od polidimetilsiloksana

Huang ef al. (2018) developed a simple procedure
for the fabrication of flexible pressure sensors based on
carbon using natural wood structures and silicon. The
method they developed uses a blade cutting process in a
unique multi-channel composite structure with variable
surface topography. The authors studied the role of car-
bon surface microstructures in the pressure sensor by
using horizontally and vertically cut composite layers in
a vertical piezoresistor configuration.

Due to their rough surface and highly deformable
microstructure, the horizontally cut composite sensors
exhibit much higher sensitivity and a wider linear
range, while exhibiting low hysteresis and good cycle
stability. The wide linear range is an outstanding prop-
erty that enables the sensor to precisely track human
physiological signals (e.g. real-time breathing detec-
tion), and the high sensitivity property is suitable for
measuring epidermal pulse, for example.

3.5 Carbonized lignin sensor from corn
and polydimethylsiloxane

3.5. Senzor od karboniziranog lignina iz
kukuruza i polidimetilsiloksana

Wang et al. (2018) presented a flexible composite
of polydimethylsiloxane and carbonized lignin (PDMS/
CL) that is electrically highly sensitive and was made
by a simple and inexpensive process. The conductivity
of the PDMS/CL composite with one-third part of car-
bonized lignin is at least 16 times lower than the con-
ductivity of the obtained CL, whose oxygen and hydro-
gen content were drastically reduced during the simple
carbonization process. A relative change in resistance
response, built up during an applied stress of 0 to
20 kPa, was found in the pressure-sensitive phase in
the range of 0 to 3 kPa. Previous reports on transistor
pressure sensors and most other carbon materials sen-
sors indicate significantly lower sensitivity than the
57 kPa! achieved here, which is very interesting.

The PDMS/CL composite shows excellent and
stable pressure frequency response of up to 2.5 Hz. At
the same time, the time of response to loading is ap-
proximately 60 ms, while the response to unloading
occurs in 40 ms. The sensor has exceptional durability,
which is manifested by the intensity of the response to
repeated compression, which is stable for as many as
100,000 cycles. The paper proved the possible applica-
tion of lignin in the production of flexible sensors in a
relatively cheap process, with good reproducibility and
high sensitivity that finds application in wearable elec-
tronics (for example, pulse monitoring by delicate
pressure changes or muscle movements) and smart
systems where force is demanded.

3.6 Biocarbon sensor from rice husk
and polydimethylsiloxane

3.6. Biouglji¢ni senzor iz rizine ljuske i
polidimetilsiloksana

By using the pyrolysis of plant biomass, biochar
is obtained, which can be considered as an alternative
source of “green” carbon for the production of pressure
sensors based on polymer foams, according to Haffiz et
al. (2017). In the paper, foams produced by the sugar
template method were studied, while biochar obtained
by pyrolysis of rice husk in the extraction of liquid fuel
was explored as a filler. By static and cyclic loading of
a sensor device with biochar/PDMS foam between two
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copper electrodes, the properties of the pressure sensor
were investigated, and the mechanical characteristics
were also studied. Tests have shown an inversely pro-
portional relationship between electrical resistance and
pressure increase, whereby the biochar/PDMS foams
produced in this way show a negative pressure resis-
tance coefficient.

The sensor showed remarkable electrical conduc-
tivity, which increased significantly during compres-
sion. Mechanical properties during compression
showed that this sensor behaves like a typical elasto-
meric foam. Hysteresis is present during the loading
and unloading cycles. The response is in the elastic re-
gion during lower stresses with a trend of a slight in-
crease due to the action of higher stresses, and then a
sudden increase in deformation at higher stresses. This
leads to the fusion of opposite cell walls and a drop in
electrical resistance, and an increase in conductivity.

3.7 Sensor made of cellulose nanofibers
and lignin

3.7. Senzor od celuloznih nanovlakana i lignina

Fabrication of wood-derived elastic carbon aero-
gel with a tracheid-like texture from cellulose nanofi-
bers (CNF) and lignin is a sustainable and simple
method presented by Chen et al. (2020). Carbon aero-
gel obtained from wood shows high durability and
compressibility, which are excellent mechanical prop-
erties. In addition, it has high sensitivity in a wide
range of working pressure up to 17 kPa, which enables
precise detection of human biosignals.

A flexible, free-standing symmetric solid-state
supercapacitor can be made of carbon aerogel, which
shows satisfactory results for applications in pressure
sensors and flexible electrodes with its electrochemical
properties and mechanical flexibility.

3.8 Carbonized cotton fabric sensor with
thermoplastic polyurethane

3.8. Senzor od karbonizirane pamucne
tkanine s termoplasti¢nim poliuretanom

By a simple carbonization process, Chang et al.
(2020) made an elastic pressure sensor based on fabric
and thermoplastic polyurethane (TPU). The influence
of carbonization temperature variations (up to 1000
°C) and the concentration of the flexible substrate solu-
tion (up to 10 %) on the properties of the sensor was
investigated, which was confirmed by tests under dif-
ferent process conditions. After research, it was deter-
mined that the pressure sensor made in this way, with
fabric carbonized at a temperature between 800 and
900 °C and with a concentration of 6 % thermoplastic
polyurethane, has a sensitivity of up to 80 kPa' (at
pressure of 0.5 kPa) and a hysteresis of less than 12 %,
which unfortunately does not make it a candidate for
use in furniture, but is therefore excellent for use in
wearable electronics.
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Figure 3 CCP pressure sensor sensitivity shown as relative
change in electric current under pressure load (Reprinted
(adapted) with permission from Chen et al. Copyright 2018
American Chemical Society)

Slika 3. Osjetljivost CCP senzora tlaka prikazana kao
relativna promjena elektri¢ne struje pod tlaénim
opterecenjem (preuzeto s dozvolom iz Chen ef al., Copy-
right 2018 American Chemical Society)

3.9 Sensor made of carbonized crepe
paper with a wavy structure

3.9. Senzor od karboniziranog krep-papira
valovite strukture

Taking advantage of the porous and corrugated
structure of carbonized crepe paper, Chen et al. (2018)
developed a flexible pressure sensor. The sensor is
based on a simple and scalable approach, using screen-
printed interdigital electrodes on printing cellulose pa-
per and carbonized crepe paper (CCP). The presented
sensor has very good electromechanical properties, in-
cluding high sensitivity, wide operating pressure range
up to 20 kPa (Figure 3), fast response time (less than 30
ms), low detection limit of only 0.9 Pa, and durability
greater than 3000 cycles.

The advantages of carbonized crepe paper pres-
sure sensors, according to authors, are flexible sub-
strate and active component (printing paper and crepe
paper, respectively), having a microstructure that can
be adapted to known papermaking technologies, in or-
der to meet different requirements: simple, scalable,
cost-effective and environmentally friendly, produced
in the process and, due to the origin of the components,
available at a low price and in sufficient quantities. The
mentioned advantages enable the sensor to detect pres-
sure changes, for example, caused by the pulse on the
hand, breathing, speech, etc., but also to monitor the
spatial distribution of pressure in real time. This sensor,
like most of the previously described ones, has poten-
tial applications in wearable electronics, robotics,
healthcare and human-machine interface.

3.10 Discussion
3.10. Rasprava

The basic difference between the described sen-
sors is in the materials and manufacturing process. Ac-
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cording to the materials used to make the conductive
component, sensors can be from: carbonized wood and
wood substances (lignin, cellulose fibers); carbonized
extracted tea leaf; carbonized lignin from corn; carbon-
ized rice flakes; carbonized cotton fabrics; and carbon-
ized crepe paper. The conductive components of all
described sensors are made of organic biomass. Con-
sidering the growing environmental awareness, the
conductive elements of all described sensors can be
made from biological waste or excess unused material
(residue) from production.

Carbonized organic mass can have excellent
electrical conductivity properties, but poor mechanical
properties, which is solved by adding conductive mate-
rial in carrier from different types of synthesized mate-
rials. The following polymer matrix materials are usu-
ally used as a carrier: polyvinyl alcohol (PVA);
polypropylene (PP); polydimethylsiloxane (PDMS);
thermoplastic polyurethane (TPU); and polydopamine
(PDA).

All described sensors, except for one, are charac-
terized by more or less elastic properties with different
changes in electric resistance. In many results present-
ed, the usefulness and operating range of the sensor are
partially dependent on the matrix material. Unlike the
others, the sensor based on polypropylene matrix is
specific in a way that it showed irreversible plastic de-
formation. It seems that the PP was the reason for the
non-reversibility, due to its higher plastic phase than in
common epoxy resins, and as a counterexample to the
excellent flexibility of the PVA polymer matrix mate-
rial in one of the papers presented. Such an irreversible
pressure sensor could also find application in many
sectors, e.g. a sensor for detecting a local shock-in-
duced failure.

All processed papers on “biochar pressure sen-
sor” or “carbonized pressure sensor” are shown in Ta-
ble 1, where an overview of the used conductive com-
ponent material, matrix material, sensitivity, operating
range, and other summary data are given.

The sensor based on carbonized cotton fabric
with TPU matrix showed the best sensitivity (80.59
kPa). Despite the excellent sensitivity, this sensor has
relatively poor durability, i.e. repeatability (endurance)
of only 4,000 cycles. The second most sensitive sensor
was the one made of carbonized corn lignin and PDMS
matrix. It showed a sensitivity of 57 kPa! and an ex-
ceptional repeatability of 100,000 cycles. In addition,
the working range of this sensor is above average high,
up to 130 kPa. The sensor made of carbonized wood
and carrier with PVA has a maximum working range of
0 to 358 kPa. The sensor made of carbonized wood and
PDMS showed the highest response speed, lasting 20
ms for loading and the same amount for unloading. Ac-
cording to these data, it is noticeable that all conductive

materials are made using different technologies and
different processes (carbonization time, temperature,
conditions). The processing method to make biocarbon
or biochar (i.e. filler) is an important factor in deter-
mining the appropriateness of the material used in a
sensor.

PDMS seems to be the most suitable matrix ma-
terial, as it is characterized by high sensitivity, working
range, response speed and repeatability. However, ac-
cording to Ariati ef al. (2021), the main disadvantage
of PDMS is its structural application, which may be
extremely specific and reduced. However, the modifi-
cation of its characteristics, such as transparency, can
be interesting for the use in sensors and for some other
application. It is also limited by the lack of (covalent)
bonds between PDMS and surface modifiers, which
lead to the loss of modifiers (Miranda ez al., 2022).
Given that the positive properties of PDMS are ex-
pressed in different sensors, it is necessary to analyze
in more detail the correlations between the composite
manufacturing procedures and the quantity and quality
of the materials used.

According to the mentioned properties and anal-
yses, sensors based on carbonized biomass have great
potential for implementation in cutting-edge techno-
logical discoveries such as robotic skin and wearable
devices for monitoring physiological information in
humans. Apart from the previously described purposes
of the analyzed sensors, none of the above should be
understood as a means of measuring the pressure load
in the use of furniture.

In order to have the potential to be used in e.g.
seating furniture, the solutions presented here should
be developed in such a way as to improve the design of
the sensor, which would be a combination of the best
known properties. Such sensors do not have to be su-
per-sensitive like those on wearable devices, but they
must be robust: be durable enough, have the minimum
necessary elasticity, have the best sensitivity in the area
of pressures that occur in the given circumstances (e.g.
under the sitting bones and surrounding tissue when
sitting), have a relatively fast response, be discreet.
These would be the parameters that determine the
properties of the sensor, as well as the necessity of a
simple interface and connectivity with existing devices
for displaying output signals.

4 CONCLUSIONS
4. ZAKLJUCAK

In today’s time of exponential development of
technology and frequent work on the computer, exces-
sive sitting is a big problem for human health. Chairs
with sensors will be increasingly used, which in com-
bination with the Internet of Things can be put to good
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use in monitoring the users’ habits and health. Sensors
implemented in seating furniture are one of the solu-
tions for monitoring sitting habits and indirectly miti-
gating the negative consequences of poor sitting.

This paper analyzes a part of the research that
includes the production and application of pressure
sensors from carbonized biomaterials. Although the
research focused on sensors that can be built into
seating furniture, so far, the results have not provided
the desired answers. However, the results offer an
overview of technologies that, with further research,
likely have the potential to be incorporated into seat-
ing furniture. Precisely the sensors analyzed in this
paper, considering their excellent properties, low
manufacturing cost and organic origin of the material,
have great potential in the wider application of sen-
sors for monitoring sitting habits.

Analyzed sensors showed excellent sensitivity
and as such could be used to monitor sitting habits.
Considering their small thickness and simple con-
struction, the sensors could be implemented in chair
seats, for example in the layer between the seat foam
and the seat base. In the same way, they could be im-
plemented in the backrest or armrests, thus covering
all the key parts related to habits, i.e. the quality of
sitting. In this way, the chair could remain aestheti-
cally and functionally unchanged, while at the same
time being enriched with sensors that monitor the sit-
ting position of the user.

Despite the exceptional sensitivity, the problem
of implementing these sensors in seating furniture is
their repeatability (durability). Given that numerous
changes in pressure load occur during sitting, almost
all analyzed sensors would lose their function very
quickly. As a possible pilot solution, a sensor based on
carbonized lignin and PDMS, characterized by repeat-
ability of 100,000 cycles, could be used. To solve the
problem of repeatability, at the expense of sensitivity,
the durability of the sensor could be increased. Accord-
ing to previous research, this could be done by adding
a larger percentage of the resin matrix to improve the
mechanical properties of the sensor. However, this
would likely impact the sensitivity and conductivity of
the sensor. Nonetheless, sensors produced in this way
would have better durability, and considering that fur-
niture involves much higher forces than robotic skin or
devices for monitoring physiological signals, the re-
duced sensitivity should still be sufficient to collect
information related to monitoring sitting habits.

During the research of the most suitable bio-sen-
sors for use in seating furniture, unfortunately, not a
single paper was directly related to such an application
of bio-sensors for any kind of furniture. Therefore, new
research is needed, which will focus on the implementa-
tion of bio-sensors in furniture for sitting, as well as on

the search for possible solutions that would be further
improved and adapted to the application in furniture.
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Upute autorima
Opce odredbe

Casopis Drvna industrija objavljuje znanstvene radove (izvorne
znanstvene radove, pregledne radove, prethodna priopéenja), struéne
radove, izlaganja sa savjetovanja, struéne obavijesti, bibliografske
radove, preglede te ostale priloge s podrucja biologije, kemije, fizike
i tehnologije drva, pulpe i papira te drvnih proizvoda, ukljucujuéi i
proizvodnu, upravljacku i trzisnu problematiku u drvnoj industriji.
Predaja rukopisa podrazumijeva uvjet da rad nije ve¢ predan negdje
drugdje radi objavljivanja ili da nije ve¢ objavljen (osim sazetka,
dijelova objavljenih predavanja ili magistarskih radova odnosno di-
sertacija, Sto mora biti navedeno u napomeni) te da su objavljivanje
odobrili svi suautori (ako rad ima vi$e autora) i ovlastene osobe usta-
nove u kojoj je istrazivanje provedeno. Cjelokupni sadrzaj Drvne in-
dustrije dostupan je za skidanje s interneta, tiskanje, daljnju distribu-
ciju, ¢itanje i ponovno kori$tenje bez ogranicenja sve dok se naznace
autor(i) i originalni izvor prema Creative Commons Attribution 4.0
International License (CC BY). Autor(i) zadrzavaju izdavacka prava
bez ogranicenja.

Znanstveni i stru¢ni radovi objavljuju se na engleskom jeziku, uz sa-
zetak na hrvatskome. Takoder, naslov, podnaslovi i svi vazni rezulta-
ti trebaju biti napisani dvojezi¢no. Uredni$tvo osigurava inozemnim
autorima prijevod na hrvatski. Ostali se ¢lanci uglavnom objavlju-
ju na hrvatskome. Znanstveni i stru¢ni radovi podlijezu temeljitoj
recenziji najmanje dvaju recenzenata. Izbor recenzenata i odluku o
klasifikaciji i prihvacanju ¢lanka (prema preporukama recenzenata)
donosi Urednicki odbor.

Svi prilozi podvrgavaju se jezi¢noj obradi. Urednici ¢e od autora
zahtijevati da tekst prilagode preporukama recenzenata i lektora,
te zadrzavaju i pravo da predloze skracivanje ili poboljSanje teksta.
Autori su potpuno odgovorni za svoje priloge. Podrazumijeva se
da je autor pribavio dozvolu za objavljivanje dijelova teksta $to su
ve¢ negdje objavljeni te da objavljivanje ¢lanka ne ugrozava prava
pojedinca ili pravne osobe. Radovi moraju izvjestavati o istinitim
znanstvenim ili tehni¢kim postignu¢ima. Autori su odgovorni za ter-
minolosku i metrolosku uskladenost svojih priloga. Radovi se Salju
elektronicki putem poveznice http://journal.sdewes.org/drvind

Upute

Predani radovi smiju sadrzavati najvise 15 jednostrano pisanih A4
listova s dvostrukim proredom (30 redaka na stranici), ukljucujuéi
i tablice, slike te popis literature, dodatke i ostale priloge. Dulje je
¢lanke preporucljivo podijeliti na dva ili viSe nastavaka. Tekst treba
biti u doc formatu, u potpunosti napisan fontom 7imes New Roman
(tekst, grafikoni i slike), normalnim stilom, bez dodatnog uredenja
teksta.

Prva stranica poslanog rada treba sadrzavati puni naslov, ime(na) i
prezime(na) autora, podatke o zaposlenju autora (ustanova, grad i
drzava) te sazetak s kljuénim rije¢ima (duljina sazetka priblizno 1/2
stranice A4).

Posljednja stranica treba sadrzavati titule, zanimanje, zvanje i adresu
(svakog) autora, s naznakom osobe s kojom ¢e Uredni$tvo biti u vezi.
Znanstveni i struéni radovi moraju biti sazeti i precizni. Osnovna
poglavlja trebaju biti oznacena odgovaraju¢im podnaslovima. Na-
pomene se ispisuju na dnu pripadajuce stranice, a obrojcavaju se
susljedno. One koje se odnose na naslov oznacuju se zvjezdicom,
a ostale uzdignutim arapskim brojkama. Napomene koje se odnose
na tablice piSu se ispod tablica, a oznacavaju se uzdignutim malim
pisanim slovima, abecednim redom.

Latinska imena trebaju biti pisana kosim slovima (italicom), a ako
je cijeli tekst pisan kosim slovima, latinska imena trebaju biti pod-
crtana.

U uvodu treba definirati problem i, koliko je moguce, predociti gra-
nice postojec¢ih spoznaja, tako da se Citateljima koji se ne bave po-
dru¢jem o kojemu je rije¢ omoguéi razumijevanje ciljeva rada.
Materijal i metode trebaju biti Sto preciznije opisane da omoguce
drugim znanstvenicima ponavljanje pokusa. Glavni eksperimentalni
podaci trebaju biti dvojezi¢no navedeni.

Rezultati trebaju obuhvatiti samo materijal koji se izravno odnosi na
predmet. Obvezatna je primjena metrickog sustava. Preporucuje se
upotreba SI jedinica. Rjede rabljene fizikalne vrijednosti, simboli i
jedinice trebaju biti objasnjeni pri njihovu prvom spominjanju u tek-
stu. Za pisanje formula valja se koristiti Equation Editorom (progra-
mom za pisanje formula u MS Wordu). Jedinice se piSu normalnim
(uspravnim) slovima, a fizikalni simboli i faktori kosima (italicom).

Formule se susljedno obroj¢avaju arapskim brojkama u zagradama,
npr. (1) na kraju retka.

Broj slika mora biti ograni¢en samo na one koje su prijeko potrebne
za objasnjenje teksta. Isti podaci ne smiju biti navedeni i u tablici i
na slici. Slike i tablice trebaju biti zasebno obroj¢ane, arapskim broj-
kama, a u tekstu se na njih upucuje jasnim naznakama (“tablica 1”
ili “slika 17). Naslovi, zaglavlja, legende i sav ostali tekst u slikama i
tablicama treba biti napisan hrvatskim i engleskim jezikom.

Slike je potrebno rasporediti na odgovarajuca mjesta u tekstu, trebaju
biti izradene u rezoluciji 600 dpi, crno-bijele (objavljivanje slika u
koloru moguce je na zahtjev autora), formata jpg ili tiff, potpune i
jasno razumljive bez pozivanja na tekst priloga.

Svi grafikoni i tablice izraduju se kao crno-bijeli prilozi (osim na
zahtjev). Tablice i grafikoni trebaju biti na svojim mjestima u tekstu
te originalnog formata u kojemu su izradeni radi naknadnog ubaci-
vanja hrvatskog prijevoda. Ako ne postoji moguénost za to, potrebno
je poslati originalne dokumente u formatu u kojemu su napravljeni
(excel ili statistica format).

Naslovi slika i crteza ne piSu se velikim tiskanim slovima. Crtezi
i grafikoni trebaju odgovarati stilu ¢asopisa (fontovima i izgledu).
Slova i brojke moraju biti dovoljno veliki da budu lako ¢itljivi na-
kon smanjenja $irine slike ili tablice. Fotomikrografije moraju imati
naznaku uvecanja, pozeljno u mikrometrima. Uvecanje moze biti
dodatno naznaceno na kraju naslova slike, npr. “uvecanje 7500 : 1”.
Diskusija i zaklju¢ak mogu, ako autori zele, biti spojeni u jedan odje-
ljak. U tom tekstu treba objasniti rezultate s obzirom na problem
postavljen u uvodu i u odnosu prema odgovarajué¢im zapazanjima
autora ili drugih istrazivaca. Valja izbjegavati ponavljanje podataka
ve¢ iznesenih u odjeljku Rezultati. Mogu se razmotriti naznake za
daljnja istrazivanja ili primjenu. Ako su rezultati i diskusija spojeni u
isti odjeljak, zakljucke je nuzno napisati izdvojeno. Zahvale se navo-
de na kraju rukopisa. Odgovarajucu literaturu treba citirati u tekstu,
i to prema harvardskom sustavu (ime — godina), npr. (Badun, 1965).
Nadalje, bibliografija mora biti navedena na kraju teksta, i to abe-
cednim redom prezimena autora, s naslovima i potpunim navodima
bibliografskih referenci. Popis literature mora biti selektivan, a svaka
referenca na kraju mora imati naveden DOI broj, ako ga posjeduje
(http://www.doi.org) (provjeriti na http://www.crossref.org).

Primjeri navodenija literature

Clanci u ¢asopisima: Prezime autora, inicijal(i) osobnog imena, go-
dina: Naslov. Naziv ¢asopisa, godiste (ev. broj): stranice (od — do).
Doi broj.

Primjer

Karki, T., 2001: Variation of wood density and shrinkage in Europe-

an aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84.
http://dx.doi.org/10.1007/s001070050479.

Knjige: Prezime autora, inicijal(i) osobnog imena, godina: Naslov.
(ev. izdavac/editor): izdanje (ev. svezak). Mjesto izdanja, izdavac
(ev. stranice od — do).

Primjeri

Krpan, J., 1970: Tehnologija furnira i plo¢a. Drugo izdanje. Zagreb,
Tehnicka knjiga.

Wilson, J. W.; Wellwood, R. W., 1965: Intra-increment chemical
properties of certain western Canadian coniferous species. U: W. A.
Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse,
N.Y., Syracuse Univ. Press, pp. 551- 559.

Ostale publikacije (brosure, studije itd.)

Miiller, D., 1977: Beitrag ziir Klassifizierung asiatischer Baumar-
ten. Mitteilung der Bundesforschungsanstalt fiir Forstund Holzvvirt
schaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.

Web stranice

**%1997: “Guide to Punctuation” (online), University of Sussex,
www.informatics.sussex.ac.uk/department/docs/punctuation/node
00.html. First published 1997 (pristupljeno 27. sijecnja 2010).

Autoru se prije konac¢nog tiska Salje pdf rada. Rad je potrebno pazlji-
vo procitati, ispraviti te vratiti Uredni$tvu s listom ispravaka. Autori
znanstvenih i stru¢nih radova besplatno dobivaju po jedan primjerak
Casopisa. Autoru svakog priloga takoder se dostavlja besplatan pri-
mjerak ¢asopisa.

Dodatne informacije o nacinu pisanja znanstvenih radova mogu se
naci na web adresi:

hww.ease.0rg.uklnublications/author—guidelines
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Instructions for authors

General terms

The “Drvna industrija” (““Wood Industry”) journal publishes scientific
papers (original scientific papers, review papers, previous notes),
professional papers, conference papers, professional information,
bibliographical and survey articles and other contributions related
to biology, chemistry, physics and technology of wood, pulp and
paper and wood products, including production, management and
marketing issues in the wood industry.

Submission of a paper implies that the work has not been submitted
for publication elsewhere or published before (except in the form of
an abstract or as part of a published lecture, review or thesis, in which
case it must be stated in a footnote); that the publication is approved
by all co-authors (if any) and by the authorities of the institution
where the research has been carried out. The complete content of the
journal Drvna industrija (Wood Industry) is available on the Internet
permitting any users to download, print, further distribute, read and
reuse it with no limits provided that the author(s) and the original
source are identified in accordance with the Creative Commons
Attribution 4.0 International License (CC BY). The authors retain
their copyrights.

The scientific and professional papers shall be published in English
with summary in Croatian. The titles, headings and all the relevant
results shall be also presented bilingually. The Editor’s Office shall
provide the translation into Croatian for foreign authors. Other
articles are generally published in Croatian. The scientific and
professional papers will be subject to a thorough review by at least
two selected referees. The Editorial Board shall make the choice of
reviewers, as well as the decision about the classification of the paper
and its acceptance (based on reviewers’ recommendations).

All contributions are subject to proofreading. The editors will require
authors to modify the text in the light of the recommendations made
by reviewers and language advisers, and they reserve the right to
suggest abbreviations and text improvements. Authors are fully
responsible for the contents of their contributions. It shall be assumed
that the author has obtained the permission for the reproduction of
portions of text published elsewhere, and that the publication of the
paper in question does not infringe upon any individual or corporate
rights. Papers shall report on true scientific or technical achievement.
Authors are responsible for the terminological and metrological
consistency of their contributions. The contributions are to be
submitted by the link http://journal.sdewes.org/drvind

Details

Papers submitted shall consist of no more than 15 single-sided DIN
A-4 sheets of 30 double-spaced lines, including tables, figures and
references, appendices and other supplements. Longer papers should
be divided into two or more continuing series. The text should be
written in doc format, fully written using Times New Roman font (text,
graphs and figures), in normal style without additional text editing.
The first page of the paper submitted should contain full title, name(s)
of author(s) with professional affiliation (institution, city and state),
abstract with keywords (approx. 1/2 sheet DIN A4).

The last page should provide the full titles, posts and address(es) of
each author with indication of the contact person for the Editor’s
Office.

Scientific and professional papers shall be precise and concise. The
main chapters should be characterized by appropriate headings.
Footnotes shall be placed at the bottom of the same page and
consecutively numbered. Those relating to the title should be marked
by an asterix, others by superscript Arabic numerals. Footnotes
relating to the tables shall be printed under the table and marked by
small letters in alphabetical order.

Latin names shall be printed in italics and underlined.

Introduction should define the problem and if possible the framework
of existing knowledge, to ensure that readers not working in that
particular field are able to understand author’s intentions.

Materials and methods should be as precise as possible to enable
other scientists to repeat the experiment. The main experimental data
should be presented bilingually.

The results should involve only material pertinent to the subject. The
metric system shall be used. SI units are recommended. Rarely used
physical values, symbols and units should be explained at their first
appearance in the text. Formulas should be written by using Equation
Editor (program for writing formulas in MS Word). Units shall be
written in normal (upright) letters, physical symbols and factors
in italics. Formulas shall be consecutively numbered with Arabic
numerals in parenthesis (e.g. (1)) at the end of the line.

The number of figures shall be limited to those absolutely necessary
for clarification of the text. The same information must not be
presented in both a table and a figure. Figures and tables should be
numbered separately with Arabic numerals, and should be referred
to in the text with clear remarks (“Table 1” or “Figure 1”). Titles,
headings, legends and all the other text in figures and tables should
be written in both Croatian and English.

Figures should be inserted into the text. They should be of 600 dpi
resolution, black and white (color photographs only on request),
in jpg or tiff format, completely clear and understandable without
reference to the text of the contribution.

All graphs and tables shall be black and white (unless requested
otherwise). Tables and graphs should be inserted into the text in their
original format in order to insert them subsequently into the Croatian
version. If this is not possible, original document should be sent in
the format in which it was made (excel or statistica format).

The captions to figures and drawings shall not be written in block
letters. Line drawings and graphs should conform to the style of
the journal (font size and appearance). Letters and numbers shall
be sufficiently large to be readily legible after reduction of the
width of a figure or table. Photomicrographs should have a mark
indicating magnification, preferably in micrometers. Magnification
can be additionally indicated at the end of the figure title, e.g. “Mag.
7500:1”.

Discussion and conclusion may, if desired by authors, be combined
into one chapter. This text should interpret the results relating to
the problem outlined in the introduction and to related observations
by the author(s) or other researchers. Repeating the data already
presented in the “Results” chapter should be avoided. Implications
for further studies or application may be discussed. A conclusion
shall be expressed separately if results and discussion are combined
in the same chapter. Acknowledgements are presented at the end of
the paper. Relevant literature shall be cited in the text according to
the Harvard system (“name — year”), e.g. (Badun, 1965). In addition,
the bibliography shall be listed at the end of the text in alphabetical
order of the author’s names, together with the title and full quotation
of the bibliographical reference. The list of references shall be
selective, and each reference shall have its DOI number (http://www.
doi.org) (check at http://www.crossref.org).:

Example of references

Journal articles: Author’s second name, initial(s) of the first name,
year: Title. Journal name, volume (ev. issue): pages (from - to). DOI
number.

Example:

Karki, T., 2001: Variation of wood density and shrinkage in European
aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84.
http://dx.doi.org/10.1007/s001070050479.

Books:

Author’s second name, initial(s) of the first name, year: Title.
(ev. Publisher/editor): edition, (ev. volume). Place of publishing,
publisher (ev. pages from - to).

Examples:

Krpan, J. 1970: Tehnologija furnira i plo¢a. Drugo izdanje. Zagreb:
Tehnicka knjiga.

Wilson, J.W.; Wellwood, R.W. 1965: Intra-increment chemical
properties of certain western Canadian coniferous species. U: W.

A. Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse,
N.Y., Syracuse Univ. Press, pp. 551-559.

Other publications (brochures, studies, etc.):

Miller, D. 1977: Beitrag zur Klassifizierung asiatischer
Baumarten. Mitteilung der Bundesforschungsanslalt fiir Forst- und
Holzwirtschaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.

Websites:

**%1997: “Guide to Punctuation” (online), University of Sussex,
www.informatics.sussex.ac.uk/department/docs/punctuation/node
00.html. First published 1997 (Accessed Jan. 27, 2010).

The paper will be sent to the author in pdf format before printing.
The paper should be carefully corrected and sent back to the Editor’s
Office with the list of corrections made. Each contributor will receive
1 copy of the journal.

Further information on the way of writing scientific papers can be
found on the following website:

&ww.ease.0rg.uk/gublications/author—guidelinej
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Laboratory is a member of the

Laboratoria Croatica CROLAB —

an association whose goal is the

development of Croatian laboratories

as an infrastructure for the development

more than 40 methods in the scope of the of production and the economy within a

testing of furniture, coatings and parts demanding open market, using common

potentials and synergy effects of the

for furniture, children's playgrounds JY | k
association, while the

and playground equipment

Faculty of Forestry and Wood technology
is a full member of the INNOVAWOOD -
association whose aim it to contribute to
business successes in forestry, wood

outside the scope of accreditation: industry and furniture industry, stressing
the increase of competitiveness of the
research of constructions and European industry.

ergonomics of furniture
Research of beds and sleeping, research of

children’'s beds, optimal design of tables,
chairs and corpus furniture, healthy and
comfort sitting at school, office and in
home are some of numerous researches

testing of finishing materials and proceses

testing of flammability and ecology of

upholstered furniture performed by the Institute for furniture and
. . wood in construction, which enriched the
furniture expertise treasury of knowledge on furniture quality.

University of Zagreb ¢ Faculty of forestry and wood technology

Testing laboratory for furniture and playground equipment
. ’ Institute for furniture and wood in construction
LAB INNOovAWOOD

SvetoSimunska cesta 23
HR-10000 Zagreb, Croatia




SVEUCILISTE U ZAGREBU * FAKULTET SUMARSTVA I DRVNE TEHNOLOGIJE

UNIVERSITY OF ZAGREB * FACULTY OF FORESTRY AND WOOD TECHNOLOGY

Svetosimunska 23, 10000 Zagreb, Hrvatska / Croatia IBAN: HR0923600001101340148
tel: 00385 1 2352 454 e-mail: dcvetan@sumfak.hr OIB / VAT ID: HR07699719217

PRETPLATNI LIST / SUBSCRIPTION SHEET

1zasao je broj 1 ¢asopisa Drvna industrija, volumen 74 (2023. godina). Pozivamo Vas da obnovite svoju pretplatu
ili se pretplatite na Casopis, te na taj nacin pomognete njegovo izlazenje. Cijena sva Cetiri broja jednog godista
(volumena) je 55,00 EUR bez PDV-a, u Hrvatskoj i inozemstvu. Ukoliko ste suglasni s uvjetima pretplate za jedno
godiste Casopisa, molimo Vas da popunite obrazac za pretplatu i poSaljete ga na nasu postansku ili elektroni¢ku
adresu.

Issue 1, Volume 74 (2023) of the journal Drvna industrija is published. We invite you to renew your subscription
or subscribe to a journal to support it. The price of all four issues of one year (volume) is 55 EUR without VAT, in
Croatia and worldwide. If you agree to the subscription terms for one volume, please complete the subscription
form and send it to our postal or e-mail address

Predsjednik Izdavackog savjeta Glavna i odgovorna urednica
¢asopisa Drvna industrija ¢asopisa Drvna industrija
President of Publishing Council Editor-In-Chief
izv. prof. dr. sc. Vjekoslav Zivkovi¢ prof. dr. sc. Ruzica Beljo Luci¢

PRETPLATA NA CASOPIS 1l 3 prUNA
SUBSCRIPTION TO JOURNAL @ INDUSTRIJA

Pretplac¢ujemo se na ¢asopis Drvna industrija u koli¢ini od godisnje pretplate (Cetiri broja).

Cijena jednog godista (volumena) iznosi 55 EUR, bez PDV-a. Pretplata obuhvaca sve brojeve jednog godista.
We subscribe to the journal Drvna industrija in amount of annual subscription(s) (four issues).

Price of one volume (vear) is 55 EUR, without VAT. The subscription covers all numbers of one volume.

Hrvatska: EU / World:
HR0923600001101340148 Bank: Zagrebacka banka
s naznakom “Za ¢asopis Drvna industrija” IBAN: HR0923600001101340148
poziv na broj: 3-02-03 Swift: ZABA HR 2X
Osoba / Name: e-mail:

Tvrtka, ustanova / Company, institution:

OIB / VAT ID: Telefon / Phone:
Adresa / Address: Posta. broj:
(ulica / street) Postal code:
Grad / City: Regija / Region:

Drzava / Country:




povezite fe ¢ prirodom

Petra Preradovic¢a 14, lvanec, Hrvatska
+385 (0)42 781 922 | www.drvodjelac.hr






HRVATSKA KOMORA
INZENJERA SUMARSTVA

| DRVNE TEHNCLOGLE

HRVATSKA KOMORA INZENJERA SUMARSTVA
| DRVNE TEHNOLOGIJE

Osnovana je na temelju Zakona o Hrvatskoj
komori inZenjera Sumarstva i drvne tehnologije.

Komora je samostalna i neovisna strukovna
organizacija koja obavlja povjerene joj javne
ovlasti, €uva ugled, ¢ast i prava svojih clanova,
skrbi da ovlasteni inZenjeri obavljaju svoje
poslovef savjesno i u skladu sa zakonom, promice,
zastupa{i uskladuje njihove interese pred
driavnil;'n i drugim tijelima u zemlji i inozemstvu.

Clanovi komore:

inZenjeri Sumarstva i drvne tehnologije koji
obavljaju struéne poslove iz podrucja Sumarstva,
lovstva i drvne tehnologije.

Strucni poslovi:

proiektifranie, izrada, procjena, izvodenje i nadzor
radova iz podrucja uzgajanja, uredivanja,
iskoristavanja i otvaranja Suma, lovstva, zastite
Suma, hortikulture, rasadnicarske proizvodnje,
savjetovanja, ispitivanja kvalitete proizvoda,
sudskoqfa vjeStacenja, izrade i revizije strucnih
studija i planova, kontrola projekata i stru¢ne
dokumentacije, izgradnja uredaja, izbor opreme,
objekat+, procesa i sustava, stru¢no
osposobljavanje i licenciranje radova u Sumarstvu,
lovstvu i preradi drva.

v

v

telefon:
++ 385 1376-5501
e-mail:
info@hkisdt.hr

www.hkisdt.hr

Zadaci Komore:

promicanje razvoja struke i skrb o struénom
usavrsavanju clanova,

poticanje dono3enja propisa kojima se utvrduju
javne ovlasti Komore,

reagiranje struke na pripremu propisa iz podrucja
Sumarstva, lovstva i drvne tehnologije,

suradnja s nadleZnim institucijama i zastupanje
struke u odnosu prema njima,

organizacija stru¢noga usavrsavanja,

zastupanje interesa svojih clanova,

izdavanje pecata i iskaznice ovlastenim
inZenjerima,

briga i nadzor postivanja kodeksa strukovne etike,
osiguravanje clanova Komore za stetu koja bi
mogla nastati investitorima i trecim osobamaii sl.

Clanovima Komore izdaje se rjeSenje, pecat i
iskaznica ovlastenoga inZenjera.

Za uspjesno obavljanje zadataka te za postizanje
ciljeva ravnopravnoga i jednakovrijednoga
zastupanja struka udruzenih u Komoru, clanovi
Komore organizirani su u razrede:

» Razred inZenjera Sumarstva
» Razred inZenjera drvne tehnologije

HRVATSKA KOMORA INZENJERA SUMARSTVA | DRVNE TEHNOLOGIJE
Prilaz Gjure Dezelica 63
10000 ZAGREB
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