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ABSTRACT ° Liguefied wood (LW) is a promising natural material that can be used as a part of the adhesive for-
mulation. However, adhesive bonds made of LW only, have low durability. The aim of this study was, therefore, to
increase the durability of adhesive bonds containing LW. LW was obtained with liquefaction of black poplar wood
in ethylene glycol (EG) as the solvent and sulphuric acid (SA) as the catalyst. An optimal time of 120 minutes and
a wood/EG mass ratio of 1:3 was defined for liqguefaction at 180 °C. After liquefaction, the EG was evaporated in
order to achieve a low solvent content LW with a final mass ratio of 1:1. A hydroxyl number for 1:3 and 1:1 LW was
determined in order to examine the reduction of hydroxyl groups. Four different adhesive mixtures were prepared.:
LW with a mass ratio of 1:1 (LW, , ), LW with a mass ratio of 1:3 (LW, ), LW with a mass ratio of 1.1 and added
condensed tannin (CT) (LW, /CT), and LW with a mass ratio of 1:3 and added CT (LW, /CT). The solid beech
wood lamellas, which were bonded with these adhesive mixtures, were tested directly after bonding, and later on,
after 7, 30 and 50 days. The test results indicated greater bonding shear strength in the case of LW,  compared
to LW, .. The addition of CT did not contribute to essentially higher shear strength values. The adhesive mixtures
LW,  and LW,  /CT (uncured and cured) were analyzed using FT-IR spectroscopy. No significant differences were
observed between the cured Lw,, and the Lw,, /CT samples.

Key words: adhesive, condensed tannin, FT-IR, liquefied wood, shear strength

SAZETAK * Utekuceno drvo (LW) perspektivan je prirodni materijal koji moze biti upotrijebljen kao tvar za
izradu ljepila. Medutim, vezivna ljepila napravijena samo od utekuc¢enog drva imaju malu trajnost. Stoga je cilj
provedenih istrazivanja bio povecati trajnost vezivnih ljepila koja sadrzavaju LW. U provedenim je istrazivanjima
LW dobiven utekuc¢enjem drva topole u etilen glikolu (EG) kao otapalu i sumpornoj kiselini (SA) kao katalizatoru.
Definirano je optimalno vrijeme utekucenja od 120 minuta i maseni omjer drvo:EG u iznosu 1:3 za utekucenje pri
temperaturi 180 °C. Nakon utekuéenja EG je ishlapljen da bi se postigao nizak sadrzaj otapala u LW-u s konacnim
masenim omjerom 1:1. Utvrden je hidroksilni broj za LW s omjerom 1:3 i LW s omjerom 1:1 da bi se ispitalo

! Authors are research assistant, researcher, assistant and associate professor at Biotechnical Faculty, University of Ljubljana, Ljubljana, Slo-

venia.
! Autori su asistent istrazivac, istraziva¢, asistent i izvanredni profesor na Biotehni¢kom fakultetu Sveucilista u Ljubljani, Ljubljana, Slovenija.
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smanjenje broja hidroksilnih skupina. Pripremljene su Cetiri razlicite mjeSavine ljepila: LW s masenim omjerom
1:1 (LW, ), LW s masenim omjerom 1:3 (LW, ), LW s masenim omjerom 1.1 te dodanim kondenziranim taninom
(CT) (LW, /CT), i LW s masenim omjerom 1:3 i dodanim CT-om (LW, /CT). Lamele od bukovine lijepljene su
navedenim mjesavinama ljepila i ispitane odmah nakon lijepljenja, zatim nakon 7, 30 i 50 dana. Rezultati testa
pokazali su ve¢u smicajnu cvrstocu vezanja u slucaju LW, , u odnosu prema LW, .. Dodavanje CT-a nije znatno
pridonijelo vecoj smicajnoj cvrstoci. Mjesavine ljepila LW, i LW, /CT (nesuSene i osusene) analizirane su FT-IR
spektroskopijom. Nisu zapazene signifikantne razlike izmedu osusenih uzoraka LW, i LW, /CT.

Kljuéne rijeci: ljepilo, kondenzirani tanin, FT-IR, utekuéeno drvo, smicajna cvrsto¢a

1 INTRODUCTION
1. UVOD

Adhesives are an indispensable part of wood-ba-
sed composites. They are mainly composed of oil-based
derivatives, which make them dependent on an ever-in-
creasing oil price. One of the basic constituents of a lar-
ge number of synthetic wood adhesives is formaldehyde,
which is, however, potentially carcinogenic (IARC,
2004). Due to the free formaldehyde emission, the in-
creasing prices of oil-based derivatives, strict environ-
mental requirements, and increasing ecological aware-
ness, there have been many attempts to produce wood
adhesives based on natural and renewable sources.

Liquefied wood is one of the naturally-based pro-
ducts that has been developed in recent years. Lique-
fied wood is a product of the thermochemical reaction
between wood (wood residues), solvent, and added ca-
talyst. Liquefied wood can be used for the production
of various biocopolymers. These biocopolymers inclu-
de coatings (Budija et al., 2009; Kurimoto et al., 2000),
various polymers (Wang et al., 2008; Doh et al., 2005),
carbon fibres (Xiaojun and Guangjie, 2010), foams
(Alma and Shiraishi, 1998; Lee and Ohkita, 2004), and
adhesives.

Over the last 20 years there have been many at-
tempts to use liquefied wood as a part of the adhesive
formulation. In the earlier years, the development of li-
quefied wood adhesives was based on liquefied wood
that was prepared with phenol and added formaldehyde
(Alma and Bastiirk, 2001, 2006; Li et al., 2004; Fu et al.,
2006; Zhang et al., 2007). Many studies were performed
in connection with the application of liquefied wood to
epoxy resin systems (Kobayashi ez al., 2000, 2001; Asa-
no et al.,2007; Wu and Lee, 2010), and there have been
some other attempts to blend liquefied wood with syn-
thetic resins such as diisocyanates (Juhaida ez al., 2010),
urea-formaldehyde (Antonovi¢ ef al., 2010), melamine-
urea-formaldehyde (Kunaver ef al., 2010) and phenol-
formaldehyde resin (Ugovsek ef al., 2010).

One of disadvantages of liquefied wood-based
adhesives, besides low durability of the adhesive bond,
is the low wood content in the final adhesive mixture.
For example, if the wood/solvent mass ratio is 1:3, and
later on 25 % of the liquefied product is incorporated
into the adhesive mixture, the latter will only contain
6.25 % of wood (Ugovsek et al., 2010). Reducing the
quantity of solvent in the final liquefied product was the-
refore the author’s fundamental goal. This could either
be achieved by liquefying at different wood/solvent
mass ratios, or with solvent evaporation after liquefac-

88

tion. Due to the higher content of the non-liquefied re-
sidue when liquefying at lower mass ratios (1:2 or 1:1),
solvent evaporation turned out to be more appropriate
method.

The above mentioned problem — low durability of
liquefied wood based adhesives — could be potentially
alleviated with the incorporation of a chemical substan-
ce that would help to crosslink the components of the
liquefied wood. Based on the aim of creating an envi-
ronmentally-friendly adhesive, the authors tried to use
natural substances that are used as a part of adhesive
mixtures. Tannins have been one of the most useful na-
tural sources for wood adhesives (Gornik et al., 2000;
Vazquez et al., 2002; Moubarik et al., 2009). They can
be divided in two different classes, based on their che-
mical structure: hydrolyzable and condensed tannins.
Almost all tannin-based wood adhesives are made from
condensed tannins, due to their widespread availability
and higher reactivity. The most reactive part of conden-
sed tannin is resorcinol or the phloroglucinol A-ring of
the flavonoid unit. The resorcinol A-rings of mimosa
(Accacia sp.) and quebracho (Schninopsis sp.) tannins
show reactivity toward formaldehyde that is compara-
ble to that of resorcinol (Pizzi, 2008). In this study spru-
ce condensed tannin was used, and it was found that it
contained approximately 60 % procyanidin and 40 %
prodelphinidin (Behrens et al., 2003). Condensed tan-
nins can thus be added to liquefied wood due to their
high reactivity at elevated temperatures, so that they
can react with the free phenolic and alcoholic hydroxyl
groups that are present in the liquefied wood.

The objective of this study was to optimize the
liquefaction of black poplar (Populus nigra L.) using
ethylene glycol (EG) as the solvent, and the prepara-
tion of liquefied wood with a low content of EG. Addi-
tionally, the properties of adhesive mixtures using li-
quefied wood with different solvent contents and added
condensed tannin (hydroxyl number and infrared
spectroscopy) were studied. Finally the shear strength
of adhesive bonds that were produced with different
adhesive mixtures was tested.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Preparation of liquefied wood
2.1. Priprema utekucenog drva

Sawdust (fractions of 0.237 mm or smaller) of the
black poplar (Populus nigra L.) was used for the produc-
tion of liquefied wood. Prior to the liquefaction process,
the sawdust was dried in a laboratory oven (103 °C, 24

DRVNA INDUSTRIJA 62 (2) 87-95 (2011)
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h). Ethylene glycol (p.a. grade) was used as the solvent,
and sulphuric acid (p.a. grade) was used as a catalyst.
3 % of SA based on the EG mass was added. Liquefac-
tion was carried out in a 1000 mL three-neck glass reactor
equipped with mechanical stirrer. The reactor was im-
mersed in an oil bath that was preheated to 180 °C.

2.2 Temporary amount of residue and liquefaction

yield determination
2.2. Odredivanje koli¢ine ostatka i postignutog

utekucenja

Different mass ratios between wood and EG (1:1,
1:2, 1:3, 1:4, 1:5) and different liquefaction times were
investigated in order to achieve the optimum results.
By calculating the temporary amount of the residue
(TAR), (Eq (1)) the optimum liquefaction time was as-
sessed. During liquefaction, the samples of liquefied
wood were dispossessed, diluted with a mixture of 1.4-
dioxane/water, and filtered through filter disks (Sarto-
rius filter disks 388 grade/84/mm?) every 15 minutes.
The insoluble parts were dried in a laboratory oven
(103 °C, 24 h), and weighed in order to calculate the
TAR according to Eq (1).

TAR=(I_(WI-W2)].1OO% 0
w,

W, represents the mass of the filter paper with the dry
residue (g), W, is the mass of the filter paper (g), ¥, is
the mass of the dispossessed sample (g), and TAR re-
presents the temporary amount of the residue (%).

After the optimum liquefaction time, the reactor
was immersed in cold water in order to quench the
reaction. The liquefied product was then diluted with a
mixture of 1.4-dioxane and water (4/1, v/v), and filte-
red through filter disks (Sartorius filter disks 388 gra-
de/84/mm?) in order to remove the insoluble parts of
the liquefied wood, with the aim of calculating the li-
quefaction yield (LY). The LY (i.e. the percentage of the
1.4-dioxane soluble part) was calculated for liquefied
wood with wood/EG ratios of 1:2, 1:3 and 1:4, using
Eq. (2). In order to obtain the liquefied wood contai-
ning EG, the mixture of 1.4-dioxane and water was
evaporated at 55 °C using a rotavapor instrument. Eva-
poration was performed under reduced pressure achie-
ved by means of a vacuum pump.

LY= (1— (W‘_WZ)] -100% )
W,

4

W, represents the mass of the filter paper with the dry
residue (g), W, is the mass of the filter paper (g), WV, is
the mass of wood (g) and LY represents the liquefac-
tion yield (%).

After evaporation of the 1.4-dioxane, the EG in
the LW was additionally evaporated (120 °C, 10 mbar)
to achieve a final mass ratio wood/EG of approxima-
tely 1:1. The mass of the evaporated EG was determi-
ned gravimetrically. The evaporation of the EG was
also important due to very low viscosity of LW, whi-
ch was problematic when applying LW to the wood
surface prior to bonding.

23 Detedrmination of hydroxyl number of liquefied
w
2.3. Ogr?adivanje hidroksilnog broja uteku¢enog drva
The hydroxyl (OH) numbers of liquefied wood
with wood/EG ratios of 1:3 (LW ) and 1:1 (LW, )
were determined according to standard ASTM D 4274-
05, test method C — reflux phthalation. 0.45 g of sample
LW . and 0.85 g of sample LW was dissolved in 25
mL of a phthalic anhydride-pyridine reagent (115 g
phthalic anhydride and 700 mL pyridine) and heated at
115+ 2 °C, for 1h, under reflux. After esterification, 50
mL of pyridine was added through a condenser, and a
phenolphthalein solution in pyridine was added. The
mixture was titrated with 0.5 M sodium hydroxide.
Due to the dark colour of the solution and the severe
difficulty in perceiving the colour change to pink, the
titration end point was determined with a pH meter
(Mettler Toledo, SevenEasy, pH meter S20). The end
titration point was determined when a significant chan-
ge in the mV value occurred.

2.4 Preparation of adhesive mixtures
2.4. Priprema mjeSavine ljepila

The adhesive mixtures were prepared according
to Table 1. Condensed tannin (CT) (Tanin Sevnica,
Slovenia) from the Norway spruce (Picea abies L.)
was used to prepare mixtures with different proportions
of CT and LW.

2.5 Bonding and testing of specimens
2.5. Lijepljenje i testiranje uzoraka

Solid beech wood lamellas were used as a sub-
strate for the preparation of two-layered test specimens,
which were bonded according to EN 12765 by using
conventional hot-pressing. Prior to the bonding, all of
the beech wood lamellas were planed in order to ensure

Table 1 Adhesive mixtures made of liquefied wood with different wood/solvent ratios and the addition of condensed tannin
Tablica 1. Mjesavine ljepila napravljene od utekuéenog drva s razli¢itim omjerom drva i otapala te s dodatkom kondenzira-

nog tanina
Adhesive mixture Mass ratio between wood ‘Weight portion of CT Weight portion of LW
Mjesavina ljepila and EG* Tezinski udjel CT-a Tezinski udjel LW-a
Maseni omjer drva i EG-a % %

LW . 1:3 0 100

LW /CT (85/15) 1:3 15 85

Lw | 1:1 0 100

LW, /CT (85/15) 1:1 15 85

*EG — ethylene glycol / etilen glikol; CT — condensed tannin / kondenzirani tanin; LW — liquefied wood / utekuceno drvo
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smooth and flat surfaces. Two lamellas were then bon-
ded together with different adhesive mixtures (Table
1). Each of the adhesive mixtures was applied by means
of a roller, using an application rate of 200 g/m?. The
press temperature was 200 °C, and the press time was
900 seconds. The specific press pressure was 1.5 MPa.
The bonded specimens were tested immediately after
bonding (n=12), and later on after 7, 30 and 50 days of
conditioning in a standard climate (20+2 °C, relative
humidity 6545 %). All the shear tests were carried out
on a ZWICK/Z005 universal testing machine accor-
ding to the standard EN 205.

2.6 FT-IR analysis
2.6. FT-IR analiza

Fourier transform infrared spectroscopy (FT-IR)
was used to investigate and compare the samples of
LW,  and LW /CT (85/15) in their uncured state. Both
samples were later on placed on aluminium foil and
cured in an oven for 600 seconds at 200 °C. The cured
LW,  and LW _/CT (85/15) specimens were also inve-
stigated using a Perkin-Elmer Instruments Spectrum
One, FT-IR spectrometer. All the spectra were compa-
red using Perkin-Elmer Spectrum 6.3.5 software. The
spectra were recorded by the ATR technique, using a
HATR ZeSn Trough Plate 45°, over the 4000-650 cm™!
wave number range. The spectral resolution of the
spectrometer was 1 cm™.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Preparation of the liquefied product
3.1. Priprema utekuéenih proizvoda

The temporary amounts of residue versus the
reaction time at different wood/EG ratios are shown in
Figure 1. By calculating the 7AR, the optimal liquefac-

tion time was assessed. The optimum liquefaction time
was assessed when the 74R was the least. The figure
shows that the optimum liquefaction time for the ratios
1:3, 1:4 and 1:5 is above 120 min. With the aim of
achieving the lowest possible (and optimal) wood/EG
ratio, the 1:3 ratio turned out to be optimal. In the case
of the ratio 1:2 the lowest TAR was at 135 minutes.
After 135 minutes the 74R increased and re-condensa-
tion of the liquefied product occurred. In the case of 1:1
ratio, wood liquefaction did not occur, and the stirring
in the reactor was aggravated. The ratio 1:1 turned out
to be inappropriate for wood liquefaction. The optimal
time for liquefying black poplar wood at 180°C was
therefore 120 minutes.

The LY was determined for LW with wood/EG
mass ratios of 1:2, 1:3 and 1:4. The highest LY was attai-
ned at a mass ratio of 1:3 (91 %) and the lowest LY at a
mass ratio of 1:2 (84 %). LY for LW with a mass ratio of
1:4 was similar to LW with a mass ratio of 1:3. Due to
the above mentioned purpose of achieving the lowest
wood/EG ratio, the LY for 1:5 ratio was not investigated.
At 1:1 ratio, liquefaction did not occur. A wood/EG mass
ratio of 1:3 was therefore the most appropriate for the
liquefaction of black poplar with EG, and 120 minutes at
180°C was required for the highest liquefaction yield.

The liquefaction process at the optimal conditions
and the preparation of low-solvent liquefied product is
shown in Figure 2. As can be seen, a theoretical wood/
EG mass ratio of 1:1 was obtained. The exact mass ratio
of'the final product was actually 1:1.05. The evaporation
of EG also contributed to the suitable viscosity of the
LW when applying it to the wood surface.

3.2 Determination of hydroxyl number of liquefied
wood

3.2. Odredivanje hidroksilnog broja za uteku¢eno drvo
The OH numbers of the liquefied wood with dif-

ferent wood/EG mass ratios (1:3 and 1:1) was investi-

60
—XK-1:1
50 3 —1:2
—*—1:3
—-1:4
40 - 15

TAR, %

0 15 30 45 60 75

90 105 120 135 150 165 180

Reaction time / vrijeme reakcije, min

Figure 1 The temporary amount of residue (74R) at different liquefaction reaction times and different wood/EG ratios
Slika 1. Privremena koli¢ina ostatka (7Z4R) pri razli¢itim vremenima reakcije utekuéenja i razli¢itim omjerima drva i otapala

90
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BLACK POPLAR (100 g), ETHYLENE GLYCOL (300 g), SULPHURIC ACID (9 g)
CRNA TOPOLA (100 g), ETILEN GLIKOL (300 g), SUMPORNA KISELINA (9 g)

— l

liquefaction / utekucenje
(180 °C, 120 min)

EVAPORATED PRODUCTS
ISHLAPLJENI PRODUKTI (15 g)

— |

LIQUEFIED WOOD / UTEKUCENO DRVO 1:3

(non-filtered / nefiltrirano) (394 g)

filtration and evaporation of 1,4-dioxane
filtriranje i ishlapljivanje
(55 °C, reduced pressure / smanjeni tlak)

INSOLUBLE PARTS / NETOPIVI DIO (9 g) |

—

LIQUEFIED WOOD / UTEKUCENO DRVO 1:3

(filtered / filtrirano)
(385 g; wood — 91 g, EG — 294 g)

evaporation of EG / ishlapljivanje EG-a
(120 °C, reduced pressure / smanjeni tlak)

EVAPORATED EG / ISHLAPLJENI EG (203 g) |

LIQUEFIED WOOD / UTEKUCENO DRVO 1:1

(182 g; wood — 91 g, EG-91 g)

Figure 2 Liquefaction process and EG evaporation for achieving a final wood/EG mass ratio of 1:1
Slika 2. Proces utekucenja i ishlapljivanja EG-a za postizanje kona¢nog omjera drvo:EG u iznosu 1:1

gated as this could hypothetically affect the bonding
properties of the specimens, and the durability of the
bond-line. Table 2 shows the calculated OH number of
the EG and determined OH number of the samples
LW .and LW . Liquefaction of the wood significantly
reduced the OH number of the liquefied product con-
taining EG, which occurred due to the dehydration and
thermal oxidation of the glycols, as well as due to the
condensation reactions between the glycol and wood
components, such as cellulose, hemicelluloses and li-
gnin (Kunaver et al., 2010). The reduction of the OH
number is also the consequence of solvent evaporation
(Budija et al., 2009). It can be seen that the additional
evaporation of EG to obtain a mass ratio of 1:1 lowered
the number of OH groups to almost one half of the
LW . OH value. The reduction of free OH groups
could potentially affect the durability of the bond-line.
This is because free OH groups are potentially reactive
locations, which interact with other functional groups,
but are also possibly weak points for water deteriora-
tion if the adhesive bond is inadequately cured.

3.3 Shear strength of tested specimens
3.3. Smicajna ¢vrstoca ispitivanih uzoraka

The initial shear strength values of the specimens
bonded with EG liquefied wood adhesive mixtures

Table 2 Hydroxyl numbers (OH) of liquefied wood with
wood/EG mass ratios of 1:3 and 1:1, and theoretically calcu-
lated hydroxyl number of EG

Tablica 2. Hidroksilni broj (OH) utekuéenog drva s
masenim omjerom drvo:EG u iznosu 1:3 1 1:1 te teorijski
izracunana vrijednost hidroksilnog broja za EG

Substance Wood/EG mass ratio | OH (mg KOH/g)
Tvari Maseni omjer drvo:EG | Hidroksilni broj
EG (theory) / 1807

LW, . 1:3 1270

LW, 1:1 667

DRVNA INDUSTRIJA 62 (2) 87-95 (2011)

were low (Table 3), and also, they did not exceed the
requirements of the standard for any of the durability
classes. It is interesting that they did not decrease dra-
stically over the following period of time, which is
typically the main problem of bonding only with LW
(Ugovsek et al., 2010). It can also be seen that the shear
strength values of the adhesive mixtures with a wood/
EG ratio of 1:1 exhibited higher shear strength values
than those with a ratio of 1:3. This was probably due to
the more suitable viscosity of the sample LW, which
contributed to the appropriate flow and penetration of
the adhesive and wetting of the wood surface (Marra,
1992). The durability of the LW, adhesive bonds was
also better compared to those corresponding to LW ..
The unreacted EG in the LW, influenced negatively
the shear strength durability. The latter could be corre-
lated to fewer free OH groups in the LW than in the
LW ., which has more OH groups from the excessive
EG. The free OH groups could be potential locations
for water deterioration.

The addition of condensed tannin to the EG li-
quefied wood adhesive mixtures did not contribute si-
gnificantly to higher shear strength values of the adhe-
sive bond. This could be due to the high viscosity of the
adhesive mixture containing tannin, and, consequently,
poor penetration and anchoring. It could also be due to
the low solubility of the tannins in the liquefied wood,
which has a very low pH value (less than 1).

As the curing mechanism and the rate of cros-
slinking at the given curing conditions (200 °C, 900 s)
of the liquefied wood adhesive mixtures is not known,
it should be investigated in the future.

The wood surface was considerably deteriorated
in the area where the adhesive had been applied, which
was probably the consequence of either liquefaction of
the wood surface during pressing or acidic damage of
the wood tissue due to very low pH of the adhesive
mixture. The wood surface had, therefore, much lower
shear strength values than normal (unaffected) wood,
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Table 3 Shear strength values (N/mm?) of specimens tested after conditioning in a standard climate for 0, 7, 30 and 50 days,
for adhesive mixtures containing wood liquefied with EG (1:3 and 1:1) or wood liquefied with EG with added condensed

tannin

Tablica 3. Vrijednosti smicajne ¢vrstoé¢e (u N/mm?) ispitivanih uzoraka nakon kondicioniranja u standardnim uvjetima nakon
0, 7,30 1 50 dana, za mjesavine ljepila koje sadrzavaju utekuéeno drvo i EG (u omjeru 1:3 i 1:1) ili utekuceno drvo i EG uz
dodatak kondenziranog tanina

Adhesive
mixture
Mjesavina LW, , LW, /CT (85/15) LW, , LW, /CT (85/15)
ljepila
Time, day Shear strength Shear strength Shear strength Shear strength
Vrijeme, Smicajna évrstoca Smicajna évrstoca Smicajna ¢vrstoca Smicajna cvrstoca
dani N/mm? N/mm? N/mm? N/mm?
Average St.dev Average St.dev Average St.dev Average St.dev
0 5.4 0.95 4.7 1.08 5.8 1.06 5.8 1.01
7 4.6 0.98 4.4 1.12 5.1 1.23 5.8 0.8
30 5.2 0.96 4.5 1.02 4.8 0.66 5.2 0.64
50 5.6 0.72 5.1 1.75 6.4 0.99 6.5 0.71

and a higher percentage of wood failure (Figure 3). The
latter is, apart from poor water resistance, the main
problem that needs to be worked on.

3.4 FT-IR analysis
3.4. FT-IR analiza

Fourier transform infrared spectroscopy (FT-IR)
was used to investigate and compare samples of LW |
and LW /CT (85/15). Both samples were also cured
(cured LW, and cured LW /CT (85/15)) and their
spectra were investigated. A comparison of all four
spectra is shown in Figure 4. It can be seen that spectra
corresponding to LW, and LW, /CT (85/15) are al-
most indistinguishable, which is proof that there were
no new functional groups in the LW, /CT (85/15)
adhesive mixture.

After curing, the spectra of the LW , and LW/
CT (85/15) mixtures changed. If the focus is placed on
changes in peaks, then the most evident changes was at
1120 em™ , which could correspond to the reduction of
-OH groups after curing (evaporation and reaction of the
solvent) (Budija et al., 2009) or C-O stretch in the cellu-
lose (Pandey and Pitman, 2003). Reduction of the peak

Figure 3 Wood failure and surface deterioration of the
bonded specimens

Slika 3. Lom po drvu i uniStenje povrsine slijepljenih
uzoraka
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at 1050 cm! can be associated with C-O stretch in the
cellulose (glucose) (Morohoshi, 1991; Ibrahim et al.,
2006; Gierlinger ef al., 2008), and reduction in the peak
at 883 cm! can be linked to antisymmetric out-of-phase
stretching of cellulose (Morohoshi, 1991). All three peak
reductions correspond to changes in the cellulose, or a
reduction in the number of hydroxyl groups, which is a
reasonable explanation and the consequence of curing.
New peaks around 1090 cm™ and 1020 cm™ correspond
to C-O ether vibrations (Budija et al., 2009). This indi-
cates the presence of new compounds after curing.

A comparison of the spectra of the cured LW, and
LW, /CT (85/15) is shown in Figure 5. It explains the
possible differences due to the addition of condensed
tannin. Both spectra are rather similar, but with three dif-
ferences in the fingerprint region. Reduction of the peak
at 1242 cm™! could either be associated with a syringyl
ring and C-O stretch in the lignin and xylan (Pandey and
Pitman, 2003), or C-H and -OH deformation and C-O-C
stretching vibration of the cellulose (Morohoshi, 1991;
Gierlinger et al., 2008). The peak around 1065 cm™ is
attributed to pyranose ring stretching (Bouchard, 1990).
The absorption at 853 cm! is associated with C-H out-
of-planes in positions 2, 5 and 6 of the G lignin units
(vanillin) (Faix, 1991). It can be clearly seen that the
latter absorption peak and the peak at 1242 cm! disap-
peared during the LW /CT (85/15) curing. This means
that during the curing of the LW /CT (85/15) sample,
vanillin and syringyl units of lignin, xylan or parts of
cellulose could interact with the other functional groups
or molecules. Despite the mentioned changes in the FT-
IR spectra of the cured LW, and LW /CT (85/15) sam-
ples, the effect of the addition of tannin to LW cannot be
confirmed, which also coincides with the results of the
shear strength test.

4 CONCLUSIONS
4. ZAKLJUCCI

The bonding properties of low solvent content
liquefied wood, with the addition of condensed tannin,
have been investigated. It was determined that the mass

DRVNA INDUSTRIJA 62 (2) 87-95 (2011)
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1020

1090 \ /

LW, (cured)

LW,.,/CT (85/15) (cured)

Arbitrary units / proizvoljne jedinice

LW,,/CT (85/15)

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650

Wavelenght / valna duljina, cm™

Figure 4 FT-IR spectra of liquefied wood with a wood/EG mass ratio of 1:1 (LW ), liquefied wood with a wood/EG mass ratio
of 1:1 and the addition of condensed tannin (LW, /CT (85/15)), cured liquefied wood with a wood/EG mass ratio of 1:1 (LW |
(cured)), and liquefied wood with a wood/EG mass ratio of 1:1 and the addition of condensed tannin (LW, /CT (85/15) (cured))
Slika 4. FT-IR spektar utekucenog drva s masenim omjerom drvo:EG u iznosu 1:1 (LW, ), utekucenog drva s masenim omje-
rom drvo:EG u iznosu 1:1 i dodanim kondenziranim taninom (LW, /CT (85/15)), utekucenog drva s masenim omjerom drvo:
EG uiznosu 1:1 i osuSen (LW | (cured)), utekuéenog drva s masenim omjerom drvo:EG u iznosu 1:1, dodanim kondenziranim
taninom i osuSen (LW, /CT (85/15) (cured))

ratio between the solvent and wood of 1:3 during lique-
faction for 120 minutes at 180 °C was optimal in terms
of the highest liquefaction yield achieved. The prepara-
tion of this low solvent liquefied wood was performed
with ethylene glycol evaporation at 120 °C and at redu-

/ LW,.,/CT (85/15)

Arbitrary units / proizvoljne jedinice

ced pressure. The final mass ratio obtained between the
solvent and wood was 1:1. The hydroxyl group number
of the low solvent LW  was reduced to almost one
half of the LW, hydroxyl number after the evapora-
tion of ethylene glycol. The specimens bonded with

\ 1065
{

1242 | 2

LW, //\ 853
|
/ 3
|
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650

Wavelenght / valna duljina, cm™
Figure 5 FT-IR spectra of cured liquefied wood with a wood/EG mass ratio of 1:1 (LW, (cured)) and of liquefied wood with
a wood/EG mass ratio of 1:1 and the addition of condensed tannin (LW /CT (85/15) (cured))
Slika 5. FT-IR spektar osuSenog utekucenog drva s masenim omjerom drvo:EG u iznosu 1:1 (LW, (cured)) i osuSenoga
utekucenog drva s masenim omjerom drvo:EG u iznosu 1:1 i dodanim kondenziranim taninom (LW, /CT (85/15) (cured))
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liquefied wood (LW, and LW ), and the liquefied
wood with added condensed tannin, were tested for
shear strength. It was found that the evaporation of
ethylene glycol contributed to better durability of the
adhesive bonds. The addition of condensed tannin did
not contribute essentially to better durability or higher
shear strength. The specimens did not fulfil the require-
ments of the standard EN 12765 for any of durability
classes. FT-IR spectra of the low solvent content LW,
with and without the addition of condensed tannin,
were investigated. Some minor differences among
spectra were observed. The presence of new functional
groups was not confirmed. The results of this study in-
dicated that LW containing less EG (a mass ratio of
1:1) exhibited better bonding properties than LW with
an initial mass ratio of 1:3, and that the addition of con-
densed tannin did not contribute to an improvement in
the bonding quality.
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ABSTRACT ¢ Motivating the employees is of key importance for providing their efficiency and quality of work.
This applies especially to employment in times of economic downturn, when the growth can be recognized of de-
motivational factors that have a negative influence on the motivation of employees. The aim of this research was to
establish the current situation of motivation of the employees of Slovenian and Croatian wood-industry companies.
It was established that the company managements pay most attention to assuring employees’ security and their
mutual relations, which is without doubt of great importance in the period of increased insecurity of business and
growing tension among people. Interest was also focused on differences between Slovenian and Croatian compa-
nies. It was established that there are some differences in classification of different motivational factors according
to their importance, but they are mostly not statistically significant.

Key words: motivation, motivation theories, economic downturn, Slovenia, Croatia, wood-industry company

SAZETAK ¢ Motiviranje zaposlenih ima kljucnu vaznost za ostvarenje njihove ucinkovitosti i kvalitete rada. To
se posebice odnosi na poslovanje u uvjetima gospodarske recesije jer se biljezi porast demotivacijskih cimbenika
koji negativno utjecu na motiviranost uposlenika. U istraZivanju nas je zanimalo trenutacno stanje motiviranja
zaposlenih u slovenskim i hrvatskim drvopreradivackim poduzecima, pri cemu je ustanovljeno da se u poduzeéima
pri upravljanju najveca pozornost pridaje sigurnosti zaposlenih i njihovim medusobnim odnosima, $to je u vrijeme
velike nesigurnosti poslovanja i rastuc¢ih napetosti medu ljudima nedvojbeno iznimno bitno. Zanimale su nas i raz-
like medu slovenskim i hrvatskim poduzeéima. Ustanovljeno je da postoje neke razlike u razvrstavanju pojedinih
motivacijskih cimbenika po vaznosti, koje najcesce nisu statisticki znacajne.

Kljucéne rijeci: motivacija, motivacijske teorije, gospodarska recesija, Slovenija, Hrvatska, drvopreradivacko
poduzece
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1 INTRODUCTION
1. UVOD

Economic recession has strongly influenced the
operation of companies in the last two years (Charan,
2008). Some macro-economists (for example Mussa,
2010) believe that it hit the bottom in the middle of
2009. Its influence can be noticed in all business fields,
and thus also in the motivation of the employees. A lot
of de-motivational factors occurred, and the ones that
already existed became even stronger. The employees
are experiencing insecurity and some other fears (i.e.
fear of losing a job, fear of lower wages, etc.). In order
to avoid all the above mentioned and other problems,
companies need to focus on seeking opportunities for
sales increase and cost reduction on one hand, and on
the other hand they need to establish conditions for
more efficient work (Bryan and Farrell, 2008). The lat-
ter is strongly connected with the way the employees
are motivated. It is a fact that the motivational strate-
gies applied in the past are not so efficient in the cur-
rent difficult economic conditions. If the managers
continue to treat the employees in the same way, their
already low motivation for work will decrease even
more (Charan, 2008). In wood-industry companies the
recent researches (Kropivsek, 2003; Kropivsek and Roz-
man, 2007) discovered an organizational culture, where
the primary objective is not to motivate the employees,
which can present an additional problem in current condi-
tions. The management of the companies can count on
satisfactory working results and satisfied workers mostly
if they insert motivational factors into the working envi-
ronment. It can be said that practically all motivators are
in the hands of the management. The only question is if
they know how to use them (Mozina, 1998).

Motivation means that somebody does something
because he wants to and all that needs to be done is to
stimulate him (Keenan, 1996; Herzberg, 2008; George
and Jones, 1999). Motivation is a process of challenging
(awakening) a person’s activity, focusing him on certain
items and regulation in order to reach a certain objective,
overcome possible obstacles and achieve the set objecti-
ve. It could be said that motivation covers all factors (en-
thusiasm, wish, intention, persistence, etc.) that either
encourage or direct our behavior (Daft ef al, 2000).

Mozina (2002) claims that there are no unmotiva-
ted human activities. Studies proved that all of the hu-
man activities are motivated not by one, but by nume-
rous very complicated known and unknown factors
(Mozina, 2002). These factors that encourage human ac-
tivity can also be called motives. They are strictly indivi-
dual and apply to the social part of human lives. There-
fore the so-called routine motivation approaches can be
very ineffective, because they are not adapted to indivi-
duals (Lipi¢nik, 1998). The goal of these activities is to
satisfy the expectations and wishes of an individual that
are formed on the basis of his material and social needs,
needs for respect, independence and personal growth.

The motivational theories can be largely divided
into two groups: (1) content motivational theories and (2)
process or cognitive motivational theories. The first gro-
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up studies the factors that encourage the behavior and the
other group studies the reasons for a certain behavior.

Among content theories, the most recognized are
Maslow’s theory of needs and Glasser’s theory of choi-
ce. Both presume that all human activity is directed
towards satisfying the basic needs (Lipi¢nik, 1998;
Glasser, 1999; Glasser, 1994; Kropivsek, 2007; Jelacié
at al., 2008). Knowing the profile of an individual’s
needs is the basis for selection of correct approach for
efficient and successful leading of a person (Kropivsek,
2007; Jelagi¢ at al., 2007). One of these theories is also
Herzberg’s two-factor motivational theory, where the
factors are divided into motivators (the factors motiva-
ting the employees) and hygiene factors (the factors
that preserve the normal level of satisfaction) (MozZina,
1998). According to this theory it is not enough to en-
sure to the employees favorable working conditions,
but it is also necessary to acknowledge their achieve-
ments, give them responsibility and allow them to de-
velop (Herzberg ef al, 1993).

In the group of process or cognitive motivational
theories, there is the problem-based motivational
theory, which is based on the assumption that people
are leaning towards solving a problem. It automatically
provokes appropriate reactions of the employees
(Lipi¢nik and Mozina, 1993). Hackman — Oldhamer’s
model of work enrichment is based on three critical
psychological circumstances (experiencing the impor-
tance of work and responsibility and knowing the re-
sults) that influence the motivation at workplace
(Lipi¢nik and Mozina, 1993). Fromm’s motivational
theory explains that people work either because they
want to have something or because they want to be so-
mebody (Fromm, 1996).

The main goal of this research was to study the
situation of motivating the employees of Slovenian and
Croatian wood-industry companies in times of econo-
mic recession that occurred at the end of 2008. The
idea was to find out the factors of motivation that were
in the focus of managers’ attention, and to establish
whether the existing ways of motivation enabled effi-
cient satisfaction of the employees’ needs. Efforts were
also made to establish the differences in the types of
motivation among the companies from both countries.

In the second chapter, the methods used for the
research are presented. Chapter 3 covers the results of
the research, and chapter 4 consists of discussion and
conclusions.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

The information needed for the research was col-
lected with the method of direct opinion poll method
with questionnaires. Its purpose was to establish the
actual condition in the field of employees’ motivation
in Slovenian and Croatian wood-industry companies in
the time of economic crisis. The condition of key pre-
sumptions of different motivational theories was chec-
ked with the questionnaire. Questions were of closed
type and respondents used Likert five or four-level sca-
le of importance for each statement.
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l B Croatia / Hrvatska O Slovenia / Slovenija l

The need for fun and learning
Potrebe za zab i ucenj.

The need for freedom
Potrebe za slobod.

The need for power

Potrebe za moci

The need for love and belonging

Potrebe za ljubavlju i prip

The need for survival
Potrebe za

The need for self-actualization
Potrebe za zadovoljavanjem viastitih potreba

The need for esteem and success
Potrebe za poticajem i usy

Social needs

Socijalne potrebe
Safety needs
Sigurnosne potrebe

h

Physiological or biological needs

‘#_‘

Psiholoske ili bioloske potrebe  § T
T

1,00 1,50

2,00

2,50 3,00 3,50 4,00

Figure 1 Management focusing on the satisfaction of employees’ needs (1 —never, 2 —rarely, 3 — often, 4 — always)
Slika 1. Koncentracija menadzmenta na zadovoljavanje potreba uposlenika (1 — nikada, 2 — pokatkad, 3 — ¢esto, 4 — uvijek)

The pool in Slovenia was implemented in 2009
and in Croatia in 2010. We used e-mail as a communi-
cation channel. The questionnaires were sent to the
companied in e-form. The questionnaire was filled out
by 16 Slovenian and 14 Croatian randomly selected
wood-industry companies of all sizes. In smaller com-
panies, the questionnaire was filled out by managers
and in bigger companies by human resources mana-
gers, by which general orientations of the companies
were covered. To compare the results, the means of in-
dividual factors were calculated.

To compare the results for Slovenia and Croatia,
Fisher’s exact test was used. Comparison was made of
frequencies of individual values from the Likert scale.
If the calculated two-tailed p-values were smaller than
0.05, they were considered as statistically significant.
The statistic analysis was implemented with the sof-
tware SPSS.

3 RESULTS
3. REZULTATI

3.1 Needs
3.1. Potrebe

The research showed that the managers pay most
attention to satisfying the employees’ need for security,
which is stated as one of the basic needs in Maslow’s
and Glasser’s theory of needs. The managers assessed
this need as very important, so they often focus on its
satisfaction with the mean of 3.19 in Slovenia and 3.50
in Croatia (Figure 1), which is surely a consequence of
great insecurity of business in the time of recession.
The managers also assessed that the need for esteem/
success and social needs are very important — in Slove-
nia they were placed second and in Croatia third. In
Croatia, the need for survival was placed second (in
Slovenia it was placed 7"). The biggest differences in
responses in both countries occurred in focusing on the
need for love and belonging (in Slovenia placed 4", in
Croatia placed 9") and the need for power, but the dif-
ferences are not statistically significant.

It is an interesting fact that the managers estima-
ted the need for power as the least important — especial-
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ly in Croatia (the mean in Slovenia was 2.13 and in
Croatia 1.43). There are probably multiple reasons for
such low marks. Managers believe that their employees
do not have the need for power, so they do not pay any
attention to satisfy this need.

3.2 Motivators and hygiene factors
3.2. Motivatori i higijenski ¢imbenici

The responding companies estimated that payche-
ck and financial rewards are two of the most important
hygiene factors, which especially applies to Croatia,
where the salary is estimated as the most important hy-
giene factor (in Slovenia on 2™ place) (Figure 2). In
these answers, the security was also estimated as a very
important hygiene factor; the Croatian companies pla-
ced it 2™, while the Slovenian companies placed it 14,
and however the differences between means are small.
The responses show that building and keeping good
relations between the manager and employees is one of
the key factors for a successful motivation. This espe-
cially applies to Slovenian companies that participated
in the research, as the type of management — namely
the relationship between the manager and employees
was assessed with the highest mean, 3.81. Here statisti-
cally significant differences between Slovenian and
Croatian companies (p=0.008) were also noticed.

Interesting work, success in work and possibility
of promotion were also estimated as more important
motivation factors (Figure 3). From the results of the
questionnaire, it can be assumed that all the factors
(hygiene factors and motivators) are very important for
the respondents. The mean of all motivators in the eco-
nomic crisis is 3.34, and of hygiene factors it is 3.18 in
Slovenia, but slightly lower in Croatian (average mark
of motivators 2.85, hygiene factors 2.93). It is intere-
sting that the managers of Slovenian companies give
more importance to motivators, while in Croatia the
ratio is slightly different in favor of hygiene factors.
The exceptions that were given less importance (mean
lower than 3) are status, general development and re-
putation of the company, being informed about the
company’s condition, policy and strategy, and with the
lowest mark the factor exterior supervision and con-
trol. For the latter the respondents believe that it is less
important (in Slovenia 2.19, in Croatia 2.14). More ex-
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l B Croatia/ Hrvatska 0O Slovenia / Slovenija

Financial rewards - | —

Financijske nagrade
Being informed about the company’s condition ﬁ_l
Informiranost o stanju poduzeéa
Favorable distribution of working hours ‘*
Pravilna raspodjela radnog vremena ]

Working conditions Mﬁ

Radni uvjeti
Satisfaction with private life %
Zadovoljstvo privatnim zivotom

Relationship with co-workers *—
Odnosi medu suradnicima | —

Relationship of the manager with the employees

Odnosi menadzera sa zaposlenima
Exterior supervision and control #‘I

Vanjska inspekcija i kontrola
Company policy and strategy

Politika i strategije poduzeéa
Reputation of the company *

Reputacija poduzeca
Security *

Sigurnost

Status-position ‘*
Status-pozicija

Salary hﬂ

Placa I T

1,00 1,50

2,00 2,50 3,00 3,50 4,00

Figure 2 Importance of management hygiene factors in times of economic downturn (1 — unimportant, 2 — less important,

3 — more important, 4 — very important)

Slika 2. Vaznost higijenskih ¢imbenika pri upravljanju u vrijeme gospodarske krize (1 — nevazno, 2 — manje vazno,

3 —vazno, 4 — vrlo vazno)

terior supervision and control of the employees can be
demotivating in certain cases.

When comparing the results of Slovenian and
Croatian wood-industry companies, it was established
that there are no statistically significant differences in
the factors important for motivation. Statistically signi-
ficant differences were only established for the above
mentioned type of management — the relationship
between the manager and employees and for favorable
distribution of working hours (p=0.015). The Slove-
nian respondents gave more importance to both factors
than the Croatian respondents.

In this research, it was established that the de-
crease of salary in wood-industry companies is the
most important demotivator (Figure 4), which espe-
cially applies to Slovenian companies (Croatian com-
panies placed this demotivator 3*). The Croatian com-

panies estimated lay-offs of workers as the most
important demotivator (in Slovenia it was placed 5™).
In the latter, the difference between both countries is
also statistically significant (p=0.049).

Creating tension among workers is also an im-
portant demotivator (placed 3 in both countries). Slo-
venian companies estimated that decreasing working
hours is a more present demotivator (placed 2™%), while
the Croatian respondents did not give this demotivator
almost any attention (placed 9™). The differences origi-
nate in different governmental anti-recession measures
in both countries. In Croatia, worsening of working
conditions is an important demotivator (placed 2,
while in Slovenia it is only placed 7™.

In average, the demotivational factors are less
present, which is a good thing. The respondents gave
very different answers, and the order of precedence of

l B Croatia / Hrvatska O Slovenia / Slovenija ‘

Acknowledgements and praises #_l—‘
Priznanja i nagrade

Possibility of professional training #—‘ﬂ
Mogucnost strucne izobrazbe

Interesting work * I

Zanimljiv rad
Possibility of personal growth # | |

Mogucnosti osobnog rasta
Possibility of promotion *ﬁ
Mogucnost napredovanja

Responsibility at work **_‘ﬁ
Odgovornost za rad

Independence at work *_‘—‘
Neovisnost u radu

Success inwork S — |
Uspjeh u radu —

2,50 3,00 3.50 4,00

Figure 3 Importance of management motivators in times of economic downturn (1 — unimportant, 2 — less important,

3 — more important, 4 — very important)

Slika 3. VaZnost motivatora pri upravljanju u vrijeme gospodarske krize (1 — nevazno, 2 — manje vazno, 3 — vazno, 4 — vrlo

vazno)
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l B Croatia / Hrvatska O Slovenia / Slovenija ‘

Worsening of working conditions
Kvarenje radnih uvjeta

Less freedom at work

Manje slobode u radu

Less training-education possibilities
Manje moguénosti izobrazbe
Reprimanding the employees
Prekoravanje uposlenih

Decrease of working hours

Smanjenje radnih sati
Creating tension among workers
Stvaranje tenzija medu uposlenima

Use of threats at managing
Koristenje prijetnji pri upravljanju
Decreasing wages

Smanjenje place

Lay-offs
Otpustanja | T |

1,00 1,50

2,00

2,50 3,00 3,50 4,00

Figure 4 Presence of demotivational factors in times of economic crisis (1 — not present, 2 — less present, 3 — more present, 4

— the most present)

Slika 4. Postojanje demotivacijskih ¢imbenika u vrijeme gospodarske krize (1 — ne postoji, 2 — slabo zastupljeno, 3 — postoji,

4 — vrlo zastupljeno)

l B Croatia / Hrvatska O Slovenia / Slovenija ‘

To be / Biti

To have / Imati

I | T

1,00 1,50 2,00

2,50 3,00 3,50 4,00

Figure 5 Importance of reasons for work— Fromm’s model (1 — unimportant, 2 — less important, 3 — more important, 4 — very

important)

Slika 5. Vaznost razloga za rad — Froomov model (1 — nevazno, 2 — manje vazno, 3 — vazno, 4 — vrlo vazno)

demotivators also differs considerably in both coun-
tries. However, a statistically important difference can
only be established for the use of threats in managing
(p=0.027), which is more present in Croatian than in
Slovenian companies.

3.3 Reasons for work
3.3. Razlozi za rad

Studying the reasons for work according to
Fromm’s model gave the following results (Figure 5).
It can be assumed that in the time of recession the pre-
valent opinion is that people mostly work because they
want to have something (mean app. 3.50), and not so
much because they want to be somebody. This is espe-
cially noticeable for the Croatian respondents, and
however differences between Slovenia and Croatia are
not statistically significant. This result is not surprising
and fully complies with the evaluation of importance
of the satisfaction of needs, where it was established
how important the need for security is — the basis of
which is to have something.

According to Hackman—Oldhamer’s model of
work enrichment, all the critical psychological circum-

stances must be at a sufficiently high level in order to
achieve good motivation. Based on the results of the
questionnaire, it can be established that all three critical
psychological circumstances are currently at a very high
level, as the respondents graded them with an average of
3 in Slovenia and slightly below 3 in Croatia (Figure 6)
and they are believed to be more important or very im-
portant for motivation and work. Most of the respon-
dents believe that experiencing the importance of work
and consequentially the perception of one’s work as
meaningful are more or very important. This is more
emphasized for Slovenian respondents, as the mean this
circumstance is 3.44, and also the distribution of grades
shows statistically significant differences among both
countries (p=0.034). It is also very important to know
the results and therefore the responsibility experience of
employees and awareness of results. For these two psy-
chological circumstances there are no statistically sig-
nificant differences between the countries.

The respondents believe that a problem can also be
a motivator (Figure 7), if the right conditions for its so-
lution are established. This especially applies to Slove-
nian companies. The respondents from both countries

l B Croatia / Hrvatska O Slovenia / Slovenija ‘

Experiencing responsibility
Osjetiti odgovornost

Knowing the result | |
Znati rezultate

Experiencing the importance of work

Osjetiti vaznost rada T T

1,00 1,50

2,00

2,50 3,00 3,50 4,00

Figure 6 Importance of key psychological circumstances for work (1 — unimportant, 2 — less important, 3 — more important, 4

— very important)

Slika 6. Vaznost klju¢nih psiholoskih uvjeta za rad (1 — nevazno, 2 — manje vazno, 3 — vazno, 4 — vrlo vazno)
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l B Croatia / Hrvatska O Slovenia / Slovenija

Unmotivated employees don’t see problems
Nemotivirani uposlenik ne vidi probleme

A problem additionally motivates an employee
Problem dodatno motivira uposlenog

T
1,00 1,50

2,00 2,50 3,00 3,50 4,00

Figure 7 Problem as a motivator (1 —never, 2 — rarely, 3 — often, 4 — always)
Slika 7. Problem kao motivator (1 — nikada, 2 — pokatkad, 3 — Cesto, 4 — uvijek)

believe that the employees that are not motivated in the
first place will not see the problems, which is the reason
why in such cases the problems have no influence on
(additional) motivation. For this answer there is no stati-
stically significant difference for both countries.

In Slovenia as much as 69 % of the respondents
believe that the problem often additionally motivates
employees, but not all them agree; 25 % believe that
this only happens every once in a while. In Croatia,
only 21 % of the respondents believe that a problem
can additionally motivate an employee, while 64 % be-
lieve that it only happens every once in a while. Here,
there are statistically significant differences between
Slovenian and Croatian companies (p=0.023).

4 DISCUSSION AND CONCLUSION
4. DISKUSIJA | ZAKLJUCAK

The results of the research in Slovenian and
Croatian wood-industry companies show that the re-
spondent companies pay more attention to satisfying
the need for safety of the employees, which is surely of
great importance in this time of insecurity. This need is
often unsatisfied and therefore also much expressed in
accordance with the control theory. Safety and payche-
ck, which indirectly influence the safety, are among the
most important hygiene factors as well. Next to that,
knowing the results is what motivates the employees,
because in this case they recognize the objectives and
feel safer. The results of studying the assumptions of
all motivational theories, besides the orientation towar-
ds providing safety, also indicate the orientation towar-
ds building and preserving good relationship between
the manager and employees. All motivators and hygie-
ne factors that apply to the relationships in the com-
pany according to Herzberg’ s theory are evaluated as
more important, which is a logical consequence of the
fact that the respondent companies are experiencing a
state of tension among the workers as one of the most
important demotivators. This is also confirmed by the
fact that (exterior) supervision and control of the com-
pany was evaluated as demotivator. Thus it has been
proved that in the time of recession, it is necessary to
provide safety and establish trustworthy relations
between employees to motivate them, and this was also
one of the objectives of this research.

Next to very common orientation of managers
towards satisfying the need for safety, the companies
also focus on creating conditions for satisfying other
needs, especially the need for esteem/success and so-
cial needs. However, the evaluation of the employees’
need for power is alarming, as the managers do not pay
much attention to it. The results show that the mana-
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gers rarely enable the employees to satisfy their need
for power, since as much as 75 % of the respondents
answered that they rarely or never pay attention to sati-
sfying this need. This especially applies to Croatian
companies. It can bevconclude that the existing types
of motivating do not provide for efficient satisfaction
of all the needs of employees. This results in a lower
motivation of employees, so it is necessary for the
companies to establish suitable mechanisms that will
also enable the satisfaction of the need for power. Here
the introduction of rewards and praises is suggested,
but also and above all including the employees into re-
solving problems, which also turned out to be very im-
portant in the research.

One of the aims of this research was to establish
the differences between Slovenian and Croatian wood-
industry companies. It was established that there are
some differences in the classification of individual mo-
tivational factors according to their importance, but
they are mostly not statistically significant. Despite
that statistically significant differences were established
in the experience of the importance of work, in the re-
lationship between the manager and employees and in
experiencing problems as motivators. Slovene compa-
nies gave to all of those factors more importance than
the Croatian companies. These differences can be seen
as a result of cultural differences between the coun-
tries. Furthermore, layoffs and threatening the em-
ployees are statistically significantly more present de-
motivators in Croatia than in Slovenia.

It can be concluded that both Slovenian and Croa-
tian wood-industry companies recognized some demoti-
vational factors that are surely a consequence of the eco-
nomic downturn. It is a positive thing that the attention
of all of the studied companies is focused on motivatio-
nal factors that can reduce the negative influence of ag-
gravated circumstances in the environment. Providing
for security and taking care of the relationship between
employees are among the most important guidelines of
the companies for motivating the employees. Relatively
small deviations of results between wood-industry com-
panies in both countries show that there are similar eco-
nomic conditions and consequently similar guidelines
for motivation of employees apply.
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ABSTRACT e This paper presents the method of surface quality evaluation at high-speed milling of wood. The
effects of specific parameters of machining on the surface quality are described and results are presented of ex-
periments carried out on selected tree species, where the effects of specific parameters on the surface quality were
noted. The surface quality is evaluated by a non-contact method using a confocal sensor (CLA), which processes
the results of the roughness measurement, Talysurf CLI 1000. It can be concluded that this method could actually
be used for the evaluation of the surface quality.

Keywords: high-speed milling, wood surface quality, roughness, waviness, shape, filter

SAZETAK * U radu se analizira metoda za ocjenu kvalitete povrsine drva nakon visokobrzinskog blanjanja.
Opisan je utjecaj pojedinih parametara obrade na kvalitetu povrsine drva i izneseni su rezultati mjerenja kvalitete
povrsine nakon eksperimentalnog blanjanja izabranih vrsta drva. Kvaliteta povrsine drva ocijenjena je beskon-
taktnom metodom uz pomo¢ konfokalnih senzora (CLA) koji procesuiraju rezultate mjerenja hrapavosti. Mjerenje
hrapavosti obavljeno je uredajem Talysurf CLI 1000. Zakljuceno je da postoji realna mogucnost primjene prezen-
tirane beskontaktne metode za ocjenu kvalitete povrsine drva.

Kljucne rijeci: visokobrzinsko blanjanje, kvaliteta povrsine drva, hrapavost, valovitost, kontura, filtar

1 INTRODUCTION
1. UVOD

Milling is a technological process used for ma-
king the surface of certain shape, dimensions and qua-
lity cutting material particles (chips) or wood fibre bun-
dles (cutting operation). Fig. 1 shows the kinematics of

cutting a chip in standard milling (conventional mil-
ling). In practice, however, the actual chip cross-sec-
tion can differ from the nominal cross-section due to
blunting, inaccurate spindle run, deviations of cutting
edges from the cutting circle, irregularities of the fee-
ding device cycle and, particularly, due to splitting off
and heterogeneity of the workpiece material.

! Authors are PhD student, professor and assistant professor at Faculty of Forestry and Wood Technology, Mendel University, Brno, Czech

Republic.

I Autori su student doktorskog studija, profesor i docent na Fakultetu Sumarstva i drvne tehnologije Mendelova sveugilista, Brno, Republika Ceska.
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Figure 1 Milling of wood workpieces
Slika 1. Blanjanje drvenog obratka

The tool edge trajectory creates a cycloid curve,
cutting speed being, however, very high at higher dia-
meters of milling tools in proportion to the feed rate.
Thus, at the section of the edge cut, it can be supposed
with high probability that its cutting track will form a
circle.

The problems of milling and machining surface
quality have already been thoroughly investigated. The
paper is based on findings of authors and their publica-
tions (Lisi¢an, 1996; Prokes, 1965) and some other fo-
reign and Czech authors.

The process of chip production shows a funda-
mental effect on the workpiece surface quality. So, it
can be quite well described by relationships (1) and (2)
resulting from Fig. 2.

Problems of machining are dealt with by Koch
(1964). Problems of high-speed machining have been
discussed recently. Lichtag ef al. (2003) lay out in their
research report an opinion of the general division of
machining to normal, high-speed and extreme (Fig. 3)
specifying a limit between normal and high-speed ma-
chining according to the relation (3). For the field of
high-speed machining, they mention the rate v_ = 70 —
130 m/s.

According to Prokes (1965), decisive importance
for the quality of a machined surface is shown by the
size of feed per tooth (see equation 4). Problems of
measuring the surface roughness using a contact
method are dealt with by Skalji¢ et al. (2009). The au-
thors give results of measuring surface quality with
samples of four wood species.

Svoboda ef al. (2009) deal with the application of
a non-contact method and lay out that the method can be

Figure 2 The scheme of cutting chips by cylindrical milling
cutter

Slika 2. Shema odvojene Cestice pri blanjanju drva
cilindri¢nom glavom za blanjanje
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Figure 3 The scheme depending on inputs and outputs for
high-speed milling
Slika 3. Shema obiljezja visokobrzinskog blanjanja

Increase of inputs parameters
povecanje ulaza

used for the evaluation of roughness and waviness of the
wood surface. The paper of Kowalski ef al. (2008), whe-
re modelling the surface geometrical structure origina-
ting in the process of wood milling is discussed at a
theoretical level, is rather inspiring. Sandak (2008) dealt
with the problem similarly. After a theoretical analysis,
he used the non-contact method of measurement to eva-
luate the surface quality. Using the laser sensor for sur-
face inspection is discussed in a paper by Barcik et al.
(2009), where differences determined between the sur-
face quality of juvenile and mature wood are presented.
A laser sensor of the surface profile was also used in a
paper by Siklienka et al. (2008) at surface roughness
quantification in cutting by horizontal band saw.

The theoretical mean chip thickness (4, ) is the
function of feed per tooth (f). For its determination the
following relations can be used:

h_=f - sinp_ (D
1 e
O, R 3 arc cos[l R] (2)
where:

h_ — mean chip thickness / srednja debljina strugoti-
ne, mm

/, — feed per milling head edge / zahvat po ostrici ala-
fa, mm

¢ — average angle / srednji kut zahvata, °

R — cutting edge radius of a milling head / polumjer
kruznice koju opisuju rezne ostrice, mm

e — cutting depth / dubina blanjanja, mm

Cutting speed:

y =D (3)
60-1000
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Figure 4 The workpiece surface in case of inaccurate setting
of knives

Slika 4. Povrsina obratka pri neto¢no postavljenim
nozevima

Feed per tooth:
v, -1000

fz = “nz “4)
where:
v, — cutting speed / brzina rezanja, m/s
n — tool revolutions / fiekvencija vrtnje alata, min’'
D — cutting edge diameter of a milling head / promjer

kruznice koju opisuju rezne ostrice, mm

v, — feed speed / posmicna brzina, m/min
z — number of edges of a milling head / broj ostrica

Considering the fact that the milling cutter edge
creates a circle, it is possible to determine the theoreti-
cal depth of the surface roughness (y) of milled surfa-
ces up to hundredths of mm. Then, a known relation-
ship can be accepted to determine the wave theoretical
depth y:

y= E = f=J4D-y (5)

" 4.D
where:

y — depth of the surface kinematical roughness / dubina
povrsinske kinematicke hrapavosti, mm

The relation (5) applies to absolutely accurate
setting of the milling head knives. In practice, it is of-
ten rather difficult to set up milling heads into a cutting
edge with absolute accuracy. Thus, a situation shown
in Fig. 4 can occur, if we know that R = D/2.

Characteristic factors determining the surface
quality of a milled workpiece are as follows: tree spe-
cies, volume weight, mechanical properties, moisture
content, and orientation of wood fibres with respect to

the direction of the cutting edge movement. For the
purpose of this paper it is sufficient when these factors
are expressed by the tree species and its moisture con-
tent. The optimum moisture of wood is 8 = 2%.

Kinematic roughness is the result of mutual mo-
tion of a milling head and a workpiece. The rotational
motion of a milling cutter and usually the straight-line
shift of a workpiece cause typical surface roughness —
cycloid waves. The waves are characterized by their
depth and the distance of their tops. This type of regu-
lar inequality is termed as waviness. Roughness arising
from the wood structure results from the non-homoge-
nous structure of wood and different behaviour of early
and late wood during machining. It is assessed as irre-
gular waviness. Picking-up the wood fibres is also rela-
ted to the wood structure and behaviour. Torn bundles
of wood fibres and microscopic and macroscopic cavi-
ties on the wood surface are characterized by their rou-
ghness (smoothness). The occurrence of this roughness
is mostly irregular on the tooled surface.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

Samples of Norway spruce (Picea abies) and
beech (Fagus sylvatica) were milled on an experimen-
tal stand.

Parameters of milling on the experimental stand
were selected in two regimes:

1. spindle speed: 9 000 min™, feed speed: 18, 20 and
22 m/min and chip removal: 2 mm resulting in sam-
ple thickness of 42 mm

2. spindle speed: 10 000 min’', feed speed: 18, 20 and
22 m/min and chip removal: 2 mm resulting in sam-
ple thickness of 42 mm

Tool parameters:

—milling head: 125 mm in diameter, 100 mm in
width,

—number of knives: 6, shaft (spindle) bore o 40 mm

The process of sensing the milling machine parame-

ters:

— parameters (spindle speed, spindle motor current,
speed of feed cylinders, motor currents of feed cylin-
ders)

Figure 5 Experimental stand — a view of the workplace and motor place
Slika 5. Prikaz stroja za eksperimentalno blanjanje, radni i pogonski dio
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DETECTOR / DETEKTOR

CONFOCAL APERTURE
KONFOKALNI OTVOR
ILLUMINATING APERTURE
OTVOR ZA OSVJETLJENJE

DICHROIC MIRROR / ZRCALO

LASER
LASER
OBJECTIVE LENS
LECE OBJEKTIVA
FOCAL PLANE SPECIMEN FOCUS
FOKUSNA RAVNINA UZORAK FOKUS

IN-FOCUS LIGHT RAYS
ZRAKE SVJETLOSTI U FOKUSU

OUT-OF-FOCUS LIGHT RAYS
ZRAKE SVJETLOSTI IZVAN FOKUSA

Figure 6 The principle of a raster confocal microscope
Slika 6. Nacelo rada tockastoga konfokalnog mikroskopa
http://fyzika.fce.vutbr.cz/file/kusak/konfokalni_mikroskopie.pdf

— sampling time: 10 ms
— measurement time: 15 s.

For the surface evaluation, an optical method was
used based on the surface topography by a non-contact
confocal sensor CLA (Chromatic Length Aberration),
which is part of a system for the surface texture evalua-
tion (Talysurf CLI 1000). This system can carry out
evaluation of the 2D (in total 117 parameters) and 3D
(in total 40 parameters) surface structure.

Laser beam (intensive laser point source of light)
is focused on a diaphragm, and it goes through the
object lens up to a sample, where the diaphragm image
is focused into a point whose diameter corresponds to
the diffraction limit (differential limit).

Also, light reflected or scattered on the sample
goes by return through the same object lens or fluore-
scence occurs.

Secondary light going back passes again through
a diaphragm whose point image is localized by the
beam divider through a photomultiplier (PMT), where

Basic profil

Osnovni profil
Form removal
Uoblicavanje

Roughness filter
filter hrapavosti

Ra, Rq, Rz etc...

Figure 7 Evaluation of the surface quality byTalysurf CLI 1000

Waviness filter
filter valovitosti

the second confocal point diaphragm is placed, which
filters light coming from an area outside the microsco-
pe focal plane.

An image of the whole focused plane can be
obtained through stepwise scanning using some of the
following procedures: wobbling a laser beam, transver-
se feed of a sample before object lens, the object lens
feed over the sample.

Methods of the surface quality evaluation by
Talysurf CLI 1000:

1. Levelling the surface — levelling the surface accor-
ding to the selected area

2. Zoom — the selection of an area from the measured
surface for further adjustments and analyses

3. Form removal —used for the geometrical shape sepa-
ration in measuring the actual surfaces

4. Thresholding—including the corresponding spectrum
of data into analysis

5. Obtaining the basic area

6. Filtration — obtaining the area of waviness and rou-
ghness

7. Depiction of the 3D area

8. Determination of 3D parameters of the area surface
structure

The surface of milled samples was evaluated
using the following parameters:

S parameter — the surface amplitude parameter

R parameter — a parameter calculated from the rough-
ness profile

W parameter — a parameter calculated from the wavi-
ness profile

Gaussian filters of 0.8 and 2.5 were used for rou-
ghness and waviness parameters.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The results of the surface quality measurement
were processed using the Talymap program in Talysurf
system (see Fig. 8). An example is given of the 3D ima-
ge of a beech sample, data on roughness and waviness
and a selected section of the 2D basic profile, waviness
profile and roughness profile.

Through the processing of data, waviness para-
meters can be obtained that can be compared with

Wa, Wq, Wz etc...

Slika 7. Ocjena kvalitete povrSine upotrebom uredaja Talysurf CLI 1000
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Roughness Parameters, Gaussian filter, 0,8 mm
Parametri hrapavosti, Gaussov filter, 0,8 mm

R, =4.17 pm
R~ =515um
R, =30.6 pm
RS~ =0.345mm
R, =18.4 um

Waviness Parameters, Gaussian filter, 0,8 mm
Parametri valovitosti, Gaussov filter, 0,8 mm

W =447 um
Wg =5.03 pm
W, =284um

W =1.84 mm

m

W =11.1pm

z

2D basic profile / 2D osnovni profil

2D waviness profile / 2D profil valovitosti

2D roughness profile / 2D profil hrapavosti

Figure 8 Basic data on the surface quality of a beech-wood sample from a PC
Slika 8. Osnovni podaci o kvaliteti povr§ine bukovih uzoraka dobivenih na racunalu
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theoretically calculated values. Fig. 9 illustrates that
the actual length of waves is higher than the theoretical
value. Thus, an assumption is proved that all knives are
not in gear.

The measured parameters of the surface quality
were then processed in the form of well-arranged ta-
bles. Only changes of the waviness parameters Wz
(Fig. 10) were processed in diagrams. Data on rough-
ness were processed in the same way.

By parameters of waviness it is possible to moni-
tor kinematic unevenness, i.c. the process of high-speed
milling, changes during machining, machine and tool
instability, changes in the operation of a cutting tool.
By roughness parameter it is possible to monitor the
effects of particular species on the surface quality or
chipped (torn) grain.

The mean arithmetic deviation of parameters of
waviness Wa ranges from 4.27 um at 9000 min! to

Annual ring — summer wood / god — kasno drvo

Direction of the tool turning
smjer vrtnje alata

Direction of the sample
smjer gibanja obratka

Waves / valovi

Wave top / vrh vala

The actual distance of waves — 2D profile of waviness (mm is the unit of axis x and pm of axis y)
Stvarna udaljenost valova — 2D profil valovitosti (skala na osi x iskazana je u mm, a na osi y u um)

The theoretical distance of waves — 2D profile of waviness (mm is the unit of axis x and pm of axis y)
Teorijska udaljenost valova — 2D profil valovitosti (skala na osi x iskazana je u mm, a na osi y u um)

Figure 9 The profile of waviness of spruce at 9000 min', feed 20 m/min
Slika 9. Profil valovitosti smrekovih uzoraka pri frekvenciji vrtnje alata 9 000 min™' i posmi¢noj brzini 20 m/min
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Table 1 Values of roughness and waviness of experimental spruce-wood samples
Tablica 1. Vrijednosti hrapavosti i valovitosti uzoraka od smrekovine

Spruce-wood samples / Uzorci od smrekovine

Rotational speed, min™ / Brzina vrinje, min' 9 000 min™! 10 000 min!

Feed speed, m/min / Posmicna brzina, m/min 18 20 22 18 20 22
Parameters of the basic area S, um 9.55 9.13 9.23 9.30 8.18 7.99
Parametri osnovne povrsine S, um 13.05 12.40 12.65 12.70 10.85 10.73

S, um 111.00 96.70 95.15 100.95 84.25 84.10

S, um 110.50 96.20 94.90 100.53 84.05 83.65

Parameters of the waviness area S, um 4.29 3.78 3.71 3.54 4.06 4.95
Parametri valova povrsine S, um 5.66 4.83 4.61 445 4.92 6.32
S, um 46.85 35.20 35.90 32.80 33.65 48.60

S, um 37.20 29.60 28.65 26.85 27.35 36.90

Filter 0.8 / Filtar 0,8

Roughness parameters R, um 2.05 2.78 3.06 2.40 1.92 2.66
Parametri hrapavosti R, pm 2.55 3.49 3.81 3.00 2.38 3.30
R, um 20.43 23.88 27.33 21.75 16.78 22.75

R, um 10.28 13.85 15.23 11.68 9.66 13.24

RS _, mm 0.30 0.31 0.30 0.29 0.29 0.27

Waviness parameters W, um 4.00 4.27 436 3.32 2.83 4.46
Parametri valovitosti W, um 4.44 476 4.87 3.77 3.20 497
W, um 22.30 25.32 21.75 19.55 16.32 23.10

W, pm 7.67 9.07 9.11 7.34 6.23 8.82

WS, mm 2.00 1.73 2.01 1.62 1.67 1.94

Filter 2.5 / Filtar 2,5

Roughness parameters R, um 3.54 4.78 4.62 3.73 3.05 4.06
Parametri hrapavosti R, pm 445 6.04 5.72 4.79 3.79 5.02
R, pm 24.80 29.33 30.97 26.07 20.27 27.43

R, um 12.67 25.88 24.73 21.18 15.88 21.38

RS _, mm 7.09 0.51 0.41 0.54 0.45 0.41

Waviness parameters W, um 2.81 2.47 2.50 1.96 1.71 2.93
Parametri valovitosti W, um 3.19 2.87 2.91 2.32 1.98 3.41
W, um 11.40 11.60 11.20 9.87 7.18 12.74

W, um 7.57 7.06 6.75 6.41 5.32 9.14

WS, mm 3.29 2.96 3.47 3.21 2.92 3.18

Legend / Legenda: S, R, W, — the mean arithmetical deviation of a profile / srednje aritmeticko odstupanje profila, pm; Sq, R, W, - the mean
quadratic deviation of a profile / srednje kvadratno odstupanje profila, um; S, R, W, — the total profile height / ukupna visina profila, ym; S ,

L t

R, W — the largest height of a profile / najveca visina profila, ym; RS _, WS — the mean width of a profile / srednja Sirina profila, mm

2.831 um at 10000 min™' in spruce and from 3.50 pm at
9000 min' to 4.56 pm at 10000 min"' in beech. The
mean quadratic deviation of the waviness profile Wgq
ranges from 4.76 to 3.20 um in spruce and from 3.93 to
5.18 um in beech. With the decreasing feed per tooth
these values diminish and, vice versa, with the increa-
sing feed per tooth these values increase.

The average arithmetic deviation of parameters of
waviness W, is the most common parameter in industry.
It refers to a stable parameter not affected by accidental
changes. The average quadratic deviation of the wavi-
ness profile W, shows a foregrounding effect on particu-
lar or accidental projections and depressions. Therefore,
it is a parameter that enables the differentiation between
very fine surface and similar surface with traces and de-
fects that are not typical. In our case, it rather determines
extreme values of waviness. This parameter corresponds
to the theoretical calculation of the waviness depth.
However, theoretical values of waviness are about 2 pum

DRVNA INDUSTRIJA 62 (2) 105-113 (2011)

smaller. The total height of the waviness profile W;is the
maximum distance between the profile projection and
hollow, i.e. their extreme limits. Particular measure-
ments failed to show the dependence of W, on parame-
ters of high-speed milling. The measured average val-
ues W, show extreme limits of the profile; however,
these are not reliable. The largest profile height W,
ranges from 8.61 um at 9000 min™ to 7.46 um at 10000
min’ in spruce and from 9.41 pm at 9000 min™' to 7.62
pum at 10 000 min™' in beech. The average width of the
waviness profile WS, determines the mean width of un-
evenness. [t refers to a very important parameter because
its values are often numerically equal to feed per tooth.
Roughness parameters are particularly affected by
wood type/species and properties of the machined ma-
terial. Of course, RS, parameters can partly determine
the distance where torn grain occurs. The average
quadratic deviation of the roughness profile R, differen-
tiates between a typical surface and a surface with non-

M
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Table 2 Values of roughness and waviness of experimental beech-wood samples
Tablica 2. Vrijednosti hrapavosti i valovitosti za uzorke od bukovine

Beech-wood samples / Uzorci od bukovine
Rotational speed, min™/ Brzina vrinje, min’ 9 000 min! 10 000 min!
Feed speed, m/min / Posmicna brzina, m/min 18 20 22 18 20 22
Parameters of the basic area S. um 11.60 10.30 10.35 9.71 10.35 9.83
Parametri osnovne povrsine S.. pm 15.60 14.45 14.30 13.05 14.30 14.60
S. um 109.70 102.00 105.50 93.30 107.50 108.00
S, um 109.05 101.5 104.95 93.00 106.50 108.00
Parameters of the waviness area S um 6.24 4.36 4.76 4.95 4.38 4.15
Parametri povrsine S, um 8.23 5.48 6.00 6.27 5.48 5.13
S, pm 56.80 41.50 47.55 49.40 40.95 37.00
S . um 45.60 34.75 32.80 39.60 34.00 33.05
Filter 0.8 / Filtar 0,8
Roughness parameters R um 4.81 1.88 1.90 1.72 2.09 1.87
Parametri hrapavosti R um 5.96 2.38 2.40 2.13 2.61 2.39
R. pum 38.50 19.25 19.52 16.73 18.90 20.75
R, um 22.60 9.57 9.62 8.49 10.29 9.59
RS . mm 0.35 0.33 0.29 0.31 0.33 0.31
Waviness parameters W. um 6.56 3.50 4.15 3.51 4.56 3.70
Parametri valovitosti W, um 7.47 3.93 4.64 3.90 5.18 4.16
W. um 36.18 21.03 22.98 18.07 25.33 20.72
W, um 14.08 6.92 7.25 6.26 9.16 7.45
WS . mm 1.83 2.01 2.57 1.76 2.07 1.95
Filter 2.5 / Filtar 2,5
Roughness parameters R.um 6.77 3.14 3.12 3.08 4.02 3.24
Parametri hrapavosti R um 8.79 4.05 4.00 3.82 5.12 428
R. pm 48.45 23.05 23.30 21.18 26.97 25.72
R, um 39.12 18.98 18.50 17.07 22.00 20.48
RS . mm 0.47 0.51 2.00 0.54 0.56 0.58
Waviness parameters W. um 4.45 2.22 2.74 2.65 3.09 2.24
Parametri valovitosti W, um 5.04 2.55 3.01 2.97 3.71 2.64
W. um 19.20 10.20 12.60 10.34 14.42 10.41
W, um 11.32 5.53 6.56 5.59 8.20 591
WS . mm 3.77 4.81 3.52 5.00 4.00 3.09

typical changes, which is theoretically characterized
by torn grain caused by specific knives. The average
width of elements of the roughness profile RS is nu-
merically equal to the distance of surface waviness
tops — the cut of six knives. The measured values R,
range from 3.49 pm at 9000 min™' to 2.38 um at 10 000
min in spruce and from 2.38 pm at 9000 min! to 2.61
pum at 10 000 min™ in beech. Based on the comparison

., mm

W, um
WS

Feed speed / posmicna brzina, m/min

between the results of measurements made by two dif-
ferent Gaussian filters of 0.8 and 2.5 mm, with the use
of the 0.8 mm filter, roughness is suppressed in favour
of waviness and, on the contrary, the 2.5 mm filter re-
leased the higher wave length of waviness parameters
at the expense of the roughness parameter. It can be
concluded that the 2.5 filter is more suitable for assess-
ing waviness than the 0.8 filter.

m’ mm

W, um
WS

Feed speed / posmicna brzina, m/min

Figure 10 Waviness parameters /¥ and WS _in a function of feed speed while milling spruce (a) and beech (b) samples with

the head rotational speed of 9 000 min’!

Slika 10. Parametri valovitosti 7, and WS_u ovisnosti o posmi¢noj brzini pri blanjanju smrekovih uzoraka (a) i bukovih

uzoraka (b) uz frekvenciju vrtnje alata 9 000 min™!
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4 CONCLUSIONS
4. ZAKLJUCCI

The measurement of surface quality was carried out
by 3D spatial characteristics that enabled processing of a
large number of data. These data then described the asse-
ssed profile of the monitored surface. More samples
should be measured so as to prove or disprove their de-
pendence. Parameters of high-speed milling were select-
ed with respect to maximum revolutions of ordinary ma-
chines. The feed of cut material was chosen in accordance
with the requirement to achieve the best possible quality
surface. The average quadratic deviation of the waviness
profile w, corresponds to the theoretical calculation of
the waviness depth that is, however, about 2 pm higher,
which can be attributed to the imperfect torn grain that
causes “hairy surface”. Differences in the /¥ parameter
among particular species are negligible and the growth of
W, with the feed speed has been confirmed.

The average width of the waviness profile ele-
ments WS corresponds to the theoretical calculation
of the actual distance of the wave tops (one knife cut)
particularly for beech; in spruce, the value of WS is
greater by 0.2 mm, which is affected by the microscop-
ic structure of wood. Samples of spruce showed clearly
how differences among early and late wood affected
waviness. The growth of WS with the increase of feed
speed has been proved. With parameters of high-speed
milling, 9000 and 10 000 min™, tool edges set to 0.001
mm and feed of 18 m/min, it was not possible to fully
differentiate the parameter of waviness WS because it
partly interfered with the roughness parameter RS . It
follows that this surface corresponds to the quality of
the ground surface. However, on the milled surface,
waviness is partly preserved.

With the other samples, it was also possible to ob-
serve waviness caused by the local increase of the wear
of knives. With the selected parameters, the final sur-
face quality is particularly affected by the condition
and accuracy of knife setting.

Generally, it is possible to determine the following
characteristics of the method:

- Parameters used in mechanical engineering can
also be partly used for wooden materials.

- Itis possible to observe changes during machining.

- It is possible to observe changes in the tool geome-
try.

- The method enables processing of a large number
of data.
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SAZETAK e Spajanje drva klinovima bez ikakva lijepljenja i zavarivanja bilo je koristeno stolje¢ima. Ako ti klino-
vi (u ovom istrazivanju mozdanici) rotiraju prilikom spajanja s podlogom (u kontroliranim uvjetima), uz odredene
parametre nastaje ¢vrsti spoj znatne cvrstoce. Zavarivanje drva je proces u kojemu se zbivaju kemijsko-fizikalne
reakcije, zbog trenja nastaje toplina koja tali i omekSava strukturu drva, a hladenjem tako nastale taline dobiva se
cvrsti spoj. U radu su prikazane dosadasnje svjetske spoznaje, ali i rezultati viastitih istrazivanja utjecaja trajanja
procesa zavarivanja na izvlacnu silu izmedu bukova mozZdanika i podloge. Najbolje rezultate izvlacne sile (4 994 N)
imali su spojevi kod kojih je proces zavarivanja mozdanika trajao od 0,56 do 0,9 s (po svakom okretaju mozdanika
pomak je bio 1,41 do 0,88 mm), a najmanja izvlacna silu (2 869 N) zabiljezena je pri trajanju zavarivanja od 1,81
od 2,61 s. Prosjecna izvlacna sila spoja lijepljenih spiralno nazlijebljenih mozdanika iznosila je 5 028 N.

Kljucne rijeci: zavarivanje masivnog drva, vrijeme zavarivanja, ¢vrstoca zavarenog spoja, mozdanici, izvlacna sila

ABSTRACT ¢ Bonding of wood by virtue of wedge, without any adhesives and welding, has been done for centu-
ries. If such wedge (in this research wood dowels) are rotated during the bonding with the surface (in controlled
conditions) at certain parameters, a firm joint is formed. Welding of wood is a process where chemical and physical
reactions take place, heat is formed during the friction that melts and softens the structure of wood, and a firm joint
is formed by cooling of the melt. The paper shows world findings so far, as well as the results of our own research
of the influence of welding process on the dowel embedded force between the beech wood dowel and the beech
surface. The joints with the best results concerning the dowel embedded force (4994 N) were the joints where the
process of impressing wood dowels lasted from 0.56 to 0.9 s (with each turn of the wood dowel, the movement was
1.41 to 0.88 mm) and the lowest dowel embedded force (2869 N) was recorded when the duration of the impressing
lasted from 1.81 to 2.61 s. The average embedded force of glued spirally grooved dowels amounts to 5028 N.

Key words: welding of beech, welding time, strength of the welded joint, dowels, embedded force

' Autori su vidi asistent i redoviti profesori Sumarskog fakulteta Sveugilista u Zagrebu, Zagreb, Republika Hrvatska.
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1. UVOD
1 INTRODUCTION

Dvije najces¢e primjenjivane metode zavarivanja
masivnog drva i drvnih ploc¢a jesu zavarivanje uz
pomo¢ vibracije i zavarivanje uz pomo¢ rotacije. Vi-
bracijsko zavarivanje moze se podijeliti ovisno o smje-
ru vibriranja na linearno i kruzno. Pri rotacijskom za-
varivanju podloga (elementi) miruje, a mozdanik
(drveni Cep) rotira uz pomak u smjeru svoje uzduzne
osi. Obiljezje obiju metoda jest trenje na kontaktnim
povrsinama. Zbog trenja na kontaktnim povr§inama
stvara se toplina koja ,,omeksa i rastali” strukturu drva
(drvne polioze i lignin), a vlakanca drva medusobno se
ispreplecu. Pri hladenju zbiva se kemijsko-fizicki pro-
ces (struktura drva otvrdnjava) povezivanja spojenih
elemenata te nastaje ¢vrsto zavareni spoj.

0d 2000 IBOIS (Swiss Federal Institute of Tech-
nology Lausanne) razvija i istrazuje metodu spajanja
drva uz pomo¢ trenja (zavarivanje drva), bez dodavanja
ikakvih vezivnih sredstava (Gliniorz i Natterer, 2000;
Gliniorz i dr., 2001). Objavili su kako je zavarivanje
drva za drvo uz pomo¢ trenja inovativni proces s ve-
likim potencijalom za buduca istrazivana.

Utjecaj trajanja procesa zavarivanja mozdanika u
toplinski tretiranu i netretiranu grabovinu istrazivali su
Zupéi¢ i dr. (2009.), kao i u bukovinu (Zupéié i dr.,
2009.). Iz rezultata istrazivanja vidljivo je smanjenje iz-
vlaéne sile s produljenjem trajanja procesa zavarivanja.

Zador pri zavarivanju mozdanika jedan je od vrlo
bitnih ¢imbenika zavarivanja te ima znatan utjecaj na
¢vrstoéu spoja (Pizzi i dr., 2003; Ganne-Chedeville i
dr., 2005). Optimalni zador pri rotacijskom zavarivanju
mozdanika (prema spomenutim autorima) iznosi 2
mm, pa je zbog toga u ovim istrazivanju koristen zador
od 2 mm. Najveca izvlacna sila postignuta je kada je
bukov nazljeblijeni mozdanik zavaren u bukovu podlo-
gu, u provrt od 8 mm, frekvencijom vrtnje od 1 200
okr./min. Dubina zavarivanja iznosila je 12 mm, a
prosjecna izvlacna sila 883 N (Pizzi i dr., 2004). Prema
provedenim istraZivanjima (Zupgié i dr., 2010), vidlji-
vo je da izvlacna sila postize maksimalne iznose pri
zadoru od 2 do 2,5 mm, pa su to ujedno i optimalni za-
dori za rotacijsko zavarivanje nazlijebljenih mozdanika
(frekvencija vrtnje 1 520 okr./min, dubina zavarivanja
20 mm). Kada se zadori povecavaju ili smanjuju u od-
nosu prema optimalnima statisticki se znacajnije sma-
njuju izvlacne sile odnosno ¢vrstoca spoja.

Veza izmedu temperature, vremena trajanja trenja
i toplinskih strujanja pri rotacijskom zavarivanju moz-
danika (drvenog Cepa) visokom frekvencijom vrtnje
moze se pratiti uz pomo¢ matematickog modela prije-
nosa topline (Zoulalian i Pizzi, 2007). Temperatura
kontaktnih povrsina (sljubnica) moze se odrediti kao
funkcija vremena i trajanja trenja (zavarivanja) prema
formuli:

2.8 -u-t -

ooy 2Bt g
o hm

gdje je:

T,,— temperatura zavarivanja (sljubnica)

T, — poCetna temperatura drva
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¢t — vrijeme zavarivanja

T — trenje pri pritisku

u — frekvencija vrtnje ili vibracije

f —mehanicka energija trenja pretvorena u toplinsku
energiju

h — toplinska vodljivost

a — difuznost drva.

Za rotacijsko i linearno zavarivanje vrijednost S
jednaka je 0,080 £ 0,01. Prema rezultatima istrazivanja
(za rotacijsko zavarivanje), optimalna temperatura za-
varivanja iznosi oko 180 °C (183 °C). S prestankom
djelovanja trenja ta se temperatura naglo smanjuje. Za
vibracijsko zavarivanje drva raspodjelu temperature
zavarivanja istrazivala je Ganne-Chedeville i dr.
(2008). Od pocetka procesa zavarivanja do 5,5 s tra-
janja zavarivanja dogada se naglo povecanje tempera-
ture od 25 na 250 °C. Od 5,5 do 10,5 s temperatura se
stabilizira na priblizno 250 °C, krivulja prikazuje neko-
liko skokova, ali nema znatnije promjene. Nakon 10,5
s uredaj za vibracijsko zavarivanje se zaustavlja, vibra-
cije prestaju i temperatura se smanjuje jer nema trenja
(koje je uzrok nastajanja topline).

Vazan ¢imbenik koji utje¢e na ¢vrstocu spoja od-
nosno izvla¢nu silu jest frekvencija vrtnje. Ona je usko
povezana s pomakom mozdanika u smjeru uzduzne osi
mozdanika za vrijeme rotacije. Najvecu izvlacnu silu
imali su mozdanici zavareni frekvencijom vrtnje 1 500
okr./min, a trajanje zavarivanja iznosilo je 4 s (Leban i
dr., 2008). Najslabiji rezultati postignuti su s mozdani-
cima zavarenim frekvencijom vrtnje 6 500 okr./min, u
vremenu 2,3 s. U ovom je istrazivanju koristeno vrije-
me zavarivanja od 2 do 4 s, ovisno o frekvenciji vrtnje.
Frekvencija vrtnje mozdanika vazan je ¢imbenik zava-
rivanja (Zupgi¢, 2010). Utjede na izvlaénu silu i na &vr-
stoéu spoja na naéin da je zabiljezeno povecanje izvlac-
ne sile, ali i ¢vrstoce (s obzirom na to da povr$ina spoja
nije promijenjena) s njezinim povecanjem od 865 okr./
min do 1720 okr./min. Utjecaj frekvencije vrtnje na
izvla¢nu silu moze se smanjiti ako se postuje pomak
mozdanika po okretaju, odnosno ako se trajanje zavari-
vanja prilagodi frekvenciji vrtnje.

Cilj rada bio je utvrditi utjecaj trajanja procesa
zavarivanja na izvlacnu silu i ¢vrstocu rotacijski zava-
renih mozdanika okomito na smjer vlakanaca drva (ra-
dijalno-tangentna tekstura).

2. MATERIJALI | METODE
2 MATERIALS AND METHODS

Istrazivanja utjecaja trajanja procesa zavarivanja
mozdanika u podlogu od bukovine provedena su na
Sumarskom fakultetu Sveugilista u Zagrebu. Bukovi
nazlijebljeni mozdanici zavarivani su u podlogu od
bukovine okomito na smjer drvnih vlakanaca (radijal-
no-tangentna tekstura).

2.1. Ispitni uzorci
2.1 Test samples

Za zavarivanje mozdanika metodom rotacije upo-
trijebljeni su uzorci dimenzija 200 x 30 x 30 mm (sl. 1).
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Slika 1. Ispitni uzorak za odredivanje izvlacne sile
Figure 1 Test sample for determination of the embedded force

Na svakom uzorku izbuSene su po tri rupe (34 mm
od oba kraja uzorka te u sredini uzorka), svrdlom promje-
ra 8,1 mm. Promjer rupe bio je od 0,06 do 0,1 mm manji
od promjera svrdla, na $to su utjecale elasticne deforma-
cije drva za vrijeme buSenja rupe. Prosje¢ni promjer
mozdanika (mjeren na vrhu nazljebljenja unakrsno) iz-
nosio je 10,04 mm, pa je prosje¢ni zador pri zavarivanju
iznosio 2,02 mm. Mozdanici su bili ravno nazljeblijeni,
duljine 120 mm, a zavarivani su na dubinu od 20 mm
frekvencijom vrtnje od 1 520 okr./min. Od ukupno 130
zavarenih mozdanika, 120 ih je ukljuceno u istrazivanje,
dok je u 10 uzoraka za vrijeme zavarivanja raspucala
podloga ili se dogodio lom mozdanika pri ispitivanju
izvlacne sile pa nisu ukljuceni u daljnja istrazivanja.

Kontrolni su uzorci lijepljeni poliuretanskim
(PU) ljepilom (komercijalnog naziva TIMBER MAX)
Bison International, koje je prema deklaraciji otporno
naslatku i slanu vodu. Koristena su dva tipa mozdanika:
jedan je bio spiralno nazlijebljen, srednjeg promjera
10,35 mm, a drugi tip bili su ravno nazlijebljeni moz-
danici srednjeg promjera 10,05 mm. Promjer rupe bio
je od 0,06 do 0,1 mm manji od promjera svrdla. Uzorci
su bili jednakih dimenzija kao i za zavarivanje, jedina
je razlika bio promjer svrdla od 10 mm. Za svaki tip
mozdanika izradeno je po pet uzoraka s tri rupe u sva-
kome (ukupno 14 + 15). Na jednom uzorku sa spiralno
nazlijebljenim mozdanikom nastao je lom po Zzici drva
izvan spoja, pa nije koriSten u daljnjim razmatranjima.
Prosjeéni zador pri lijepljenju ravno nazlijebljenih
mozdanika iznosio je 0,13 mm, a u spiralno naZzlijeb-
ljenih zador je iznosio 0,42 mm.

Nakon zavarivanja i lijepljenja uzorci su kondicio-
nirani u odredenim klimatskim uvjetima (temperatura
23 °C, relativna vlaga zraka 50 %) tijekom osam dana,
nakon ¢ega je provedeno ispitivanje izvlacne sile.

2.2. Odredivanje sadrzaja vode i gustoce
2.2 Determination of moisture content and density

Prije zavarivanja uzorci su oko Sest mjeseci
drzani u odredenim klimatskim uvjetima (temperatura

DRVNA INDUSTRIJA 62 (2) 115-121 (2011)

Slika 2. Presjek zavarenog mozdanika
Figure 2 Cross section of welded dowels

23 °C, relativna vlaga zraka 50 %), ali sadrzaj vode u
drvu nije mjeren. Nakon zavrsetka ispitivanja izvlacne
sile svaki se uzorak odredivao sadrzaj vode. Na udalje-
nosti 50 mm od kraja uzorka ispiljena je po jedna pro-
ba, kojima je odmah odredena masa (vaganjem) te su
stavljeni u susionik. Svi uzorci (probe) osuseni su na 0
% sadrzaja vode (103 + 2 °C) do konstantne mase.
Sadrzaj vode odredivao se prema HRN ISO 3130 :
1999. (hrvatska norma za odredivanje sadrzaja vode za
ispitivanje fizikalnih i mehanickih svojstava drva).
Prosjecan sadrzaj vode iznosio je 7,1 % (min. 6,5 %,
maks. 7,7 %).
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Tablica 1. Opis koristenih oznaka
Table 1 Description of used designations

Oznaka / Code | Opis / Description
(0,56-0,9)

vremenski interval zavarivanja
Turnaround time of welding
vremenski interval zavarivanja
Turnaround time of welding

(0,91-1,2)

(1,21-1,5) vremenski interval zavarivanja
Turnaround time of welding

vremenski interval zavarivanja
Turnaround time of welding

vremenski interval zavarivanja
Turnaround time of welding

lijepljeni spiralno nazlijebljeni mozdanik
(kontrolni uzorak)

Glued spirally grooved dowels (control
sample)

lijepljeni ravno nazlijebljeni mozdanik
(kontrolni uzorak)

Glued straight grooves dowels (control
sample)

(1,51-1,8)

(1,81-2,61)

MLSN

MLRN

Nakon $to je odreden sadrzaj vode u drvu, istim
je probama odredivana gustoca drva prema HRN ISO
3131 : 1999. (hrvatska norma za odredivanje gustoce
drva za ispitivanje fizikalnih i mehanickih svojstava
drva). ProsjeCna gustoca (p,) iznosila je 0,69 g/cm’
(min. 0,61 g/cm?, maks. 0,78 g/cm?).

2.3. Metoda ispitivanja
2.3 Testing method

Ispitivanje izradenih (zavarenih) uzoraka prove-
deno je na Sumarskom fakultetu Sveugilista u Zagrebu
(Zavod za znanost o drvu), na univerzalnoj kidalici.
Aksijalni pomak (u smjeru uzduzne osi mozdanika) za
vrijeme ispitivanja iznosio je 5 mm/min. Uz pomo¢ di-
namometra spojenog preko racunala obavljena su mje-
renja sile i pomaka, pa su sve vrijednosti to¢no i preciz-
no odredene. Sva su ispitivanja radena najmanje sedam
dana nakon zavarivanja ili lijepljenja (kondicioniranje
uzoraka).

S obzirom na to da je rije¢ o specificnom ispiti-
vanju, konstruiran je i napravljen poseban prihvat za
mozdanike kako bi se sprijeilo proklizavanje uzorka
(mozdanika) za vrijeme ispitivanja. Alat je omogucivao
da os simetrale ispitnog uzorka bude u smjeru osi sime-
trale kidalice po kojoj djeluje sila.

3. REZULTATI | DISKUSIJA
3 RESULTS AND DISCUSSION

Da bi se moglo ostvariti trenje izmedu povrsina u
kontaktu (pri rotacijskom zavarivanju), potreban je
odredeni zador (razlika izmedu promjera rupe i mozda-
nika) i frekvencija vrtnje mozdanika u odredenome vre-
menskom trajanju. Frekvencija vrtnje mozdanika i
trajanje procesa zavarivanja medusobno su povezani i
ovise jedno o drugome. Posljedica trenja je pojava to-
pline na kontaktnim povrSinama (sljubnicama) i sma-
njenje volumena mozdanika te povecanja volumena
rupe. Toplina povrsinski omeksa i rastali strukturu drva
na mjestu dodira i nastaje talina ¢ijim se hladenjem do-
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biva ¢vrsti spoj. Smanjenje volumena mozdanika i po-
veéanje volumena rupe ima dva uéinka: urusavaju se
stani¢ne stijenke (zatvara se lumen stanica) i poveéava
povrsinska gustoca sljubnice, koja obi¢no iznosi do 1,4
g/cm® (Pizzi i dr., 2004). Drugi dio volumena nestaje
zbog abrazivnog djelovanja trenja i otjecanja taline iz
zone sljubnice. Upravo u tim procesima zador, frekven-
cija vrtnje mozdanika i trajanje procesa zavarivanja ima-
ju vaznu ulogu. Zador utjeCe na raspolozivi volumen
drva potreban za stvaranje spoja. Pri prevelikim zadori-
ma i frekvencijama vrtnje vece je mehanic¢ko troSenje
drva (mehani¢ka destrukcija vlakanaca) i veca je topli-
na zbog Cega se smanjuje ¢vrstoca spoja. Uz poviSenu
frekvenciju vrtnje i produljeno vrijeme trajanja zavariva-
nja dobivaju se spojevi male ¢vrstoce. U tom je slucaju
povrsina sljuba odnosno linija zavarivanja zagladena i
na toj se povrsini ne ostvaruje zavarivanje (sl. 3).

Utjecaj vremena zavarivanja za radijalno-tan-
gentni presjek (smjer zavarivanja okomit na vlakanca
drva) na izvla¢nu silu u nazlijebljenih mozdanika ispi-
tivan je u vremenskom intervalu od 0,56 s do 2,61 s
(prosjecno 1,213 s). Tih 2,05 sekundi podijeljeno je na
pet intervala. Svaki je interval trajao priblizno tri dese-
tinke sekunde osim zadnjeg petoga, koji je trajao se-
dam desetinki sekunde (od 1,81 do 2,61 s). U vremen-
skom intervalu od 0,56 do 0,9 s pomak mozdanika
iznosio je od 1,41 do 0,88 mm po okretaju, a u naj-
duljem intervalu zavarivanja (1,81 do 2,61 s) taj je po-
mak iznosio od 0,43 do 0,30 mm po okretaju, $to je
gotovo 4,7 puta manje. Iz grafi¢kog prikaza na slici 4. i
5. vidljivo je postupno smanjenje izvla¢ne sile s pove-
¢anjem trajanja procesa zavarivanja. Najbolji rezultati
postignuti su u prvom intervalu zavarivanja, u trajanju
od 0,56 do 0,9 s, pri ¢emu je prosjecna izvlacna sila
iznosila 4 994 N. Prosje¢na izvlacna sila za interval od
1,81 do 2,61 s iznosila je 2 869 N $to je gotovo 1,7 puta
manje nego u intervalu od 0,56 do 0,9 s.

Slika 3. Povrsina mozdanika s dna spoja (vrha mozdanika):
glatka povrsina loma upucuje na velik udio lignina i lom po
sloju lignina. Snopovi vlakanaca usmjereni su i zagladeni u
smjeru rotacije (Zupgié, 2010).

Figure 3 Dowel surface from the bottom joint (top of the
dowel), smooth surface of refraction shows a large portion
of lignin and refraction according to the lignin layer. Wood
fibres are lined up in spin direction (Zup¢&ié, 2010.).
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Tablica 2. Deskriptivna statistika izvlaéne sile u ovisnosti o vremenu zavarivanja
Table 2 Descriptive statistics of embedded force in correlation with welding time

Vrijeme Aritmeticka sredina | Broj uzoraka | Standardna devija- Minimalna Maksimalna
zavarivanja izvlacne sila Number of cija izvlacne sile izvla¢na sila izvlaéna sila
Welding time Embedded force samples Embedded force Std. | Embedded force | Embedded force
Mean Dev. Minimum Maximum

s N n N N N
(0,56-0,9) 49940 30 562,7 4 040 5940
(091-1,2) 4 634,4 39 615,5 3500 5720
(1,21-1,5) 4470,3 31 736,0 2 640 5 840
(1,51-1,8) 3 800,0 7 818,2 2700 5320
(1,81-2,61) 2 869,2 13 742,5 1930 4360
MLSN 5028,6 14 582,8 4020 6 000
MLRN 3198,7 15 503,9 2 560 4 000
Sve grupe 43719 149 942,1 1930 6 000
All groups

Vrijeme zavarivanja mnogo manje od 0,5 s nije
moguce posti¢i zbog lomova u podlozi i mozdaniku.
Pukotine u podlozi pojavljuju se zbog sile koja djeluje
na obod rupe §to je uzrokuje mozdanik zbog zavara-
vanja. Ako je smjer zavarivanja radijalni, pukotine se
Sire po drvnim tracima, dok radijalno-tangentna tekstu-
ra smanjuje pojavu pukotina. Dimenzija podloge sva-
kako utjece na pojavu pukotina za vrijeme zavarivanja.
Ako je vrijeme zavarivanja kratko, dolazi do loma moz-
danika zbog momenta koji djeluje na mozdaniku u
obliku torzije.

Izmedu prva tri intervala zavarivanja (sl. 4) ne
postoji statisticki znacajna razlika, pa proizlazi kako je
prihvatljivo vrijeme zavarivanja ograniciti do 1,5 s. Pri
zavarivanju od 1,5 s mozdanik napravi 38 okretaja ili
pomak po okretaju od 0,53 mm. Izmedu lijepljenja spi-
ralno nazlijebljenog mozdanika i zavarivanja (prva tri
intervala zavarivanja) takoder ne postoji statisticki
znacajna razlika. Usporedbom zavarivanja mozdanika
uvremenu od 1,51 do 2,61 s1ilijepljenja ravno nazlijeb-
ljenog mozdanika ne postoji statisticki znacajna razlika.
Medu ostalim kombinacijama usporedbe postoji statisti-
¢ki znacajna razlika. Usporedba zavarivanja i lije-
pljenja mozdanika u podlogu samo uz pomo¢ izvlacne
sile nije u potpunosti opravdana s obzirom na to da se
zavarivanjem mozdaniku smanjuje povrSina. Sa znan-
stvenoga glediSta mnogo je primjerenije usporedivati
zavareni 1 lijepljeni spoj prema c&vrstoc¢i. Prosje¢na
povrsina ravno nazlijebljenog mozdanika zavarenoga
na dubinu od 20 mm iznosi 560,24 mm?, a mozdanika
lijepljenog na jednaku dubinu povrsina je veca i iznosi
668,06 mm?. Povr§ina zavarenog mozdanika je oko 16
% manja u usporedbi sa zalijepljenim mozdanikom, a
kako je ¢vrsto¢a omjer sile po jedinici povrsine, proiz-
lazi da za iste vrijednosti izvlacne sile ¢vrstoca spoja
raste u korist zavarivanja. Prosje¢na ¢vrstoca zavare-

Tablica 3. Deskriptivna statistika utjecaja vremena zavarivanja

Table 3 Descriptive statistics of impact of welding time

nog mozdanika za interval od 0,56 do 0,9 iznosi 9,46
N/mm?, a ¢vrsto¢a ravno nazlijebljenog lijepljenog
mozdanika iznosi 4,79 N/mm?.

Prosje¢na izvlacna sila lijepljenih spiralno nazli-
jebljenih mozdanika iznosi 5 029 N pri zadoru od 0,42
mm. Ako je taj zador 0,13 mm i mozdanici su ravno
nazlijebljeni, prosje¢na izvlacna sila mozdanika iznosi
3 199 N. Oblik nazljebljenja i zador utjecu na veli¢inu
izvla¢ne sile. Zador od 0,13 mm svakako je premali i
statisticki znacajno utjeCe na izvlacnu silu. Prema
ovom istrazivanju, optimalno je pri lijepljenju koristiti
zador od 0,42 mm i spiralno nazljebljenje mozdanika.
Cilj rada nije bio definirati optimalni zador i tip
mozdanika pri lijepljenju ve¢ samo usporediti izvlacne
sile lijepljenih komercijalnih mozdanika u podlogu, na
dubinu od 20 mm.

Utjecaj vremena zavarivanja na izvla¢nu silu (za
ravno nazlijebljeni mozdanik zavaren okomito na
vlakanca u radijalno-tangentnom smjeru) u vremen-
skom intervalu od 0,56 s do 2,61 s moZze su promatrati
uz pomo¢ logaritamske krivulje (y = 4668,9 — 3920,0 -
loglO(x)). Bilo je pokusaja prikazivanja rezultata
istrazivanja i uz pomo¢ drugih krivulja, ali se logari-
tamska pokazala najboljom. Logaritamska krivulja do-
bro opisuje os x jer se postupno primice osi s poveca-
njem vremena zavarivanja. Buduéi da je najkrace
vrijeme zavarivanja iznosilo 0,56 s, nije poznato §to se
dogada s krivuljom u vremenu zavarivanja manjemu
od 0,56 s. Moze se pretpostaviti da u vremenu manje-
mu od 0,5 s izvla¢na sila smanjuje jer se u tako kra-
tkom vremenu ne moze dobro formirati talina kojom se
postize zavarivanje. Izvlaéna sila kretala se u rasponu
od maksimalnih 5 940 N do minimalnih 1 930 N, §to je
tri puta manje. Prema korelacijskom koeficijentu (r =
0,726) proizlazi da je rije¢ o znatnoj povezanosti
usporedivanih podataka.

Varijabla Aritmeticka Standardna Minimum Maksimum
Variable sredina devijacija Minimum Maximum
Mean Std. Dev.
izvlacna sila, N / Embedded force, N 44420 898,7 1930,0 5940,0
vrijeme zavarivanja, s / Welding time, s 1,21 0,44 0,56 2,61
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Slika 4. Ovisnost izvlacne sile o vremenskom intervalu zavarivanja te vrijednosti izvla¢nih sila za
kontrolne uzorke

Figure 4 Dependence of the dowel embedded force on time intervals of welding, and values of the dowel
embedded force for controlled samples
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Slika 5. Usporedba izvla¢nih sila i vremena zavarivanja
Figure 5 Comparison of embedded force and welding time
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4. ZAKLJUCAK
4 CONCLUSION

Ravno nazlijebljeni mozdanici mogu se uspjesno
zavariti metodom rotacijskog zavarivanja za podlogu
od bukovine u smjeru okomitome na drvna vlakanca
(radijalno-tangentni presjek). Dobivene vrijednosti
izvla¢ne sile odnosno ¢vrstoce zavarenog spoja mogu
se usporedivati sa ¢vrsto¢ama lijepljenog spoja.

Iz rezultata istrazivanja vidljivo je smanjenje
izvlaéne sile odnosno ¢vrstoée spoja s produljenjem
trajanja zavarivanja (y = 4668,9 — 3920,0 - log10(x)). S
obzirom na to da je u vremenskom intervalu od 0,56 do
0,9 s izvla¢na sila najveca, proizlazi da je to optimalan
interval zavarivanja. Ako se utjecaj vremena zavari-
vanja promatra uz pomo¢ vremenskih intervala, tada je
prihvatljivo vrijeme zavarivanja ravno nazlijebljenog
mozdanika do 1,5 s jer u tom vremenu nema statisti¢ki
znacajnog smanjenja izvlacne sile. Frekvencija vrtnje
pritom je iznosila 1 520 okr./min, dubina zavarivanja
20 mm, a zador 2,02 mm, jer ako se ti parametri
mijenjaju, potrebno je odabrati drugacije vrijeme zava-
rivanja.

Zador ravno nazlijebljenog mozdanika pri lije-
pljenju od 0,13 mm je premalen i utjeCe na statisticki
znacajno smanjenje izvlacne sile u usporedbi s lije-
pljenjem spiralo nazlijebljenog mozdanika sa zadorom
od 0,42 mm.
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ABSTRACT e This article is focused on evaluating the differences between the upper and lower faces of OSB/3
— Superfinish in the course of bending stress. OSB is a material manufactured from wood chips of a large surface
area, irregular shape and unequal length, which are partly randomly distributed and at the same time not per-
fectly oriented. Differences regarding the content of OSB surface layers cause unequal properties, which can be
demonstrated, especially under bending load. The measurements made show that OSB positioned with upper face
downwards in the course of the bending test are capable of withstanding a higher load, and reaching an eviden-
tially lower deflection, compared to those with lower face downwards.

Keywords: oriented strand boards (OSB), modulus of elasticity in bending (MOE), maximum deflection, image
analysis

SAZETAK ¢ Rad se bavi procjenom razlika izmedu gornje i donje strane OSB/3 ploca, prije svega u smislu savoj-
nog naprezanja. OSB ploce drvni su materijal proizveden od drvnog iverja velike povrsine, nepravilnog oblika i
nejednake duljine. Drvno je iverje slucajno rasporedeno te stoga nije uvijek potpuno pravilno orijentirano. Razlike
u sastavu povrsinskih slojeva OSB ploca bitno utjecu na nejednolikost svojstava ploca, posebice pri opterecenju
na savijanje. Provedena mjerenja pokazala su da OSB ploce koje su pri testiranju okrenute gornjom povrsinom
ploce prema dolje mogu podnijeti veca opterecenja na savijanje i biljeze manje deformacije od ploca koje su pri
testiranju bile postavljene donjom povrsinom prema dolje.

Kljucne rijeci: ploce s orijentiranim iverjem (OSB ploce), modul savojne elasticnosti (MOE), maksimalna defor-
macija, analiza slike

1 INTRODUCTION art material especially suitable for use in building indu-

1. UVOD

At present, with the rapid development of engi-
neering and technology, the number of wood-based
materials is increasing, and the possibilities for their
application are being extended. OSB is a state-of-the-

stry as construction material for walls, roofs and floors,
as well as for the manufacture of the so-called “I”
beams. OSB is a material manufactured from flat wood
chips arranged in layers (usually 3 layers), which are
oriented perpendicular to each other and connected un-
der pressure with some water-resistant adhesive. The

' Authors are assistants at the Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Prague, Czech Republic.
! Autori su asistenti Fakulteta Sumarstva i znanosti o drvu Sveugilita bioloskih znanosti u Pragu, Prag, Republika Ceska.
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orientation of the layers has the same purpose and pro-
vides the same advantages as the cross-like bonding of
veneer layers used in plywood manufacturing — espe-
cially with respect to reducing the anisotropic proper-
ties and dimensional changes (Baker, 2002).

For OSB — the same applies to other construction
materials used in the building industry — the modulus
of elasticity is one of the most important material para-
meters considered in static designing of structures, and
also in dimensioning individual elements.

The modulus of elasticity in bending and the ben-
ding strength of OSB are most significantly influenced
by the size and geometry of the chips (Suchsland, 1968;
Lam, 2001; Nishimura et al., 2004) as well as by the
orientation of fibers of individual chips in surface layers
(Geimer, 1986; Xu, 2002; Painter et al., 2006*"), althou-
gh some other manufacturing factors significantly in-
fluence strength characteristics as well, for instance the
distribution and shaping of chips during the pressing
process (Sharma and Sharon, 1993; Oudjehane et al.,
1998), pressing time and pressure (Xu and Winistorfer,
1995; Xu, 1999), interactions between layers (Kamke,
2004), type and quantity of adhesive mixtures used, etc.

Modern technologies for manufacturing OSB
strive for very thin and long chips. In general, the opti-
mum dimensions of the chips may be formulated as
follows: 0.4 to 0.6 mm in thickness, 5 to 20 mm in
width, 60 to 120 mm in length (Pefia and Rojas, 2006).
The length of chips manufactured by means of a ring
splitting machine may reach up to 150 mm. The lon-
gest chips — and thus the best quality ones — are used
for the surface layers of OSB, while small chips are
used for intermediate layers. Using longer and thinner
chips, as well as orienting them precisely, increase the
strength, rigidity and dimensional stability of panels.
Usually, smaller chip fractions (smaller than 6 mm) are
used for other purposes (Stefka, 2002). The ratio of
small wood particles in OSB is usually about 3 — 10%
(Han et al., 2006, 2007).

For industrially manufactured OSB, the density
of the surface layers is higher than the density of the
intermediate layer (Xu and Winistorfer, 1995). During
bending tests, the greatest tansion is applied to surface
layers of the test specimen. Thus it is preferable to ma-
nufacture OSB with some “U” shaped density profile
along the panel thickness, i.e., the surface layers have a
higher density than the intermediate ones. A panel ma-
nufactured in this way achieves higher bending stren-

Figure 1 Top view: Lower and upper faces of OSB/3 —
Superfinish, test specimens of 50 x 290 mm — parallel
direction

Slika 1. Pogled odozgo: donja i gornja strana OSB/3 ploce —
izvrsne zavr$ne obrade, uzorci dimenzija 50 x 290 mm —
paralelni smjer
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gth compared to panels with an equal cross density
profile, at an identical average OSB density (Painter et
al., 2006%).

The advantages of the consequent orientation and
equal shaping of the chips are well-known; however, an
unequal distribution of chips within the layers of the
OSB may take place. During the shaping process and
placing of chips, some smaller fractions may penetrate
into the lower layers of the chip sandwiches, while the
level of their orientation is also reduced. Although no
reference of this fact is made in expert literature, for
commercially manufactured OSB the lower face may be
usually distinguished in some easy way from the upper
face. This difference is due to a larger ratio of smaller
chips in the lower face of the panels (see Fig. 1).

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

For the testing measurements, specimens of con-
struction panels of OSB/3 — Superfinish were used
(bearing panels to be used in a wet environment in ac-
cordance with the requirements of the CSN EN 300
standard), with the thickness of 12 mm and average
density of 590 kg/m*. For manufacturing chips, spruce
(80 %) and pine (20 %) were used. The intermediate
layer was bonded with an MDI (isocyanate) adhesive
(3.5 %) and the surface layers were bonded with an
MUF (melamine-urea-formaldehyde) adhesive (8.5
%). The approximate ratio of surface chips to chips in
the intermediate layer was 50/50.

The extraction and preparation of test specimens
followed the CSN EN 326-1 and CSN EN 310 standar-
ds dealing with testing the modulus of elasticity in ben-
ding and bending stress.

The test specimens were collected from eight dif-
ferent panels. From each panel, six test specimens were
extracted for each of the two main manufacturing direc-
tions (96 pieces in total). The specimens were then sub-
divided into two identical groups, each one containing
24 test specimens for the parallel direction and 24 test
specimens for the perpendicular direction. During the
testing, the first group was placed onto the supports with
lower face downwards, whereas the test specimens of
the second group were loaded with lower face upwards.

The MOE (modulus of elasticity) was evaluated
using a UTS 100K test machine (measuring range of 5 to
100 kN) in accordance with the CSN EN 310 (1995) stan-
dard. The maximum force needed to break the specimen,
the corresponding deflection and the calculation of the
modulus of elasticity in bending were processed with
Phoenix software (Version 5.04.006, UTS-Testsysteme).

For determining the difference between the upper
and lower faces of the panels, an image analysis was
made with the software NIS Elements AR. The princi-
ple of image analysis consists in creating a copy of an
image by means of cameras, visualizing the panel, and
analyzing the typical characteristics of individual
objects using a computer program. Nowadays, this
analysis is primarily used for measuring chip orienta-
tion (Xu, 2002; Nishimura et. al., 2002; Nishimura et.
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al., 2004; Painter et. al., 2006°). For the purposes of
this article, image analysis was used for calculating the
average size and quantity of chips placed in the upper
and lower layers of the OSB.

Prior to the test measurements, all test specimens
were scanned (scanner Epson GT 15 000, optical reso-
lution of 600). The raster images scanned (6 855 x
1 163 pixels) were vectorized by means of the ,,Peak
Detection” function, and for calculation of the chip
area in the upper layer, the ,, Threshold* (0 — 110) and
,»Cleaning® (1x) functions were used. All calculations
were executed under a color depth of 8 bits.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The basic descriptive statistics were computed:
arithmetic mean, standard deviation and coefficient of
variation, and the range of data were expressed with a
maximum and minimum value. The assumption of the
measured data normality by a Shapiro-Wilks W test
was verified before computing the statistical analysis
(using Statistics 8.0 CZ). The results of tests on the mo-
dulus of elasticity in bending and the maximum deflec-
tion of the OSB/3 are presented in Tables 1 and 2 and
Figures 2 and 3.

In the table with results, the values of modulus of
elasticity in bending and of bending strength are roun-
ded to three significant figures (in accordance with the

Table 1 Modulus of elasticity in bending of OSB/3 — Superfinish

CSN EN 310 standard). For statistical analysis, un-
rounded values were used. After computation of the
basic statistical indicators, an analysis of the scattering
was elaborated (ANOVA), whose results are shown in
Fig. 2. For evaluating the significance of differences
between the individual groups, multiple comparison
tests (Post-Hoc) were carried out.

An analysis of the scattering shows that OSB
achieves higher values of the modulus of elasticity in
bending if they are loaded with upper face downwards.
The differences in value are by no means high, rea-
ching 1.5 % in the parallel direction and 3.4 % in the
perpendicular direction. However, the deflection va-
lues resulting from maximum load (see Fig. 3) demon-
strate a different statement.

As demonstrated in Fig. 3, the deflection of spe-
cimens loaded with upper face downwards is 12.5 %
lower, in comparison with panels loaded with lower
face downwards — in the parallel direction. For the per-
pendicular direction this difference amounts to 5 %.
The executed post-hoc test demonstrated different de-
flections of groups in the parallel direction (Fisher’s
LSD test, a less stringent test — Tukey’s HSD failed to
prove a statistically significant difference).

The difference between values of the modulus of
elasticity in bending and the maximum deflection
between the upper and lower faces of the panels is just
on the limit of statistical significance, but the values
reached with the upper face are clearly higher. A larger

Tablica 1. Modul savojne elasti¢nosti OSB/3 plo¢a — izvrsne zavrsne obrade

Modulus of elasticity in bending, MPa / Modul savojne elasticnosti, MPa
Mean Minimum Maximum Std. Dev. Coef. Var.
srednji najmanji najveci stand. dev. koef. var.
Lower Face = Parallcl 4760 3770 6610 735 15.42
Donja strana — paralelno
Upper Face — Parallel 4840 3290 6700 794 16.42
Gornja strana — paralelno
Lower Face —Perpendicular 2010 748 2490 358 17.86
Donja strana — okomito
Upper Face = Perpendicular 2080 1390 4050 537 25.85
Gornja strana — okomito
The sample size n=24 / velicina uzorka n=24
Table 2 Maximum deflection of OSB/3 — Superfinish
Tablica 2. Maksimalna deformacija OSB/3 plo¢a — izvrsne zavr$ne obrade
Deflection, mm / Deformacija, mm
Mean Minimum Maximum Std. Dev. Coef. Var.
srednji najmanji najveci stand. dev. koef. var.
Lower Face ~ Parallel 6.502 5.218 8.219 0.724 11.14
Donja strana — paralelno
Upper Face = Parallel 5.687 3.898 8.290 1137 19.99
Gornja strana — paralelno
Lower Face — Perpendicular
. . 8.020 5.463 10.097 1.069 13.33
Donja strana — okomito
Upper Face = Perpendicular 7.616 4.894 9.868 1330 17.47
Gornja strana — okomito
The sample size n=24 / velicina uzorka n=24
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Figure 2 The values of the modulus of elasticity in bending
for individual specimen groups (ANOVA — vertical bars
denote 0.95 confidence intervals)
Slika 2. Vrijednosti modula savojne elasti¢nosti za svaku
skupinu uzoraka (ANOVA — vertikalne duljine oznacavaju
0,95 intervala pouzdanosti)

deflection of construction materials causes some higher
force moments, and the overall construction is more
likely to be damaged. Due to the rheological properties
of wood and the irreversible changes induced by a
change of humidity inside the OSB, the larger deflec-
tion is a disadvantage, not only from the viewpoint of
the stress to be accepted but also from the viewpoint of
deteriorated use properties.

As has already been proven in previous studies
(Suchsland, 1968), the strength of the strand panels is
influenced by the strength of the individual contact
areas of chips to be bonded. Larger chips increase the
overlapping factor, and thus the adhesive transfers a
higher force. The different size of chips (and partly the
more random orientation of wood elements in the lower
face) may explain the different values of modulus of
elasticity in bending between the lower and upper faces
of the OSB. Therefore, the differences with regard to

Figure 4 OSB/3 — Superfinish, parallel direction — lower
face. Top-down: raster image scanned, vectorized image;
image created by means of the ,,Threshold* function (the
white color stands for clearances between the chips within
the surface layer)

Slika 4. OSB/3 — izvrsne zavr$ne obrade, paralelni smjer —
donja strana; odozgo prema dolje slijedi skenirana rasterska
slika koja je vektorizirana, a na dnu je slika nastala
primjenon funkcije ,,Threshold“ (bijela boja oznac¢ava
zraCnost izmedu iverja u povrSinskom sloju)
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Figure 3: Maximum deflection under load (ANOVA —
vertical bars denote 0.95 confidence intervals)
Slika 3. Maksimalna deformacija pod optere¢enjem
(ANOVA — vertikalne duljine oznacavaju 0,95 intervala
pouzdanosti)

quantity and size of chips in the lower and upper faces
of the panels were analyzed (see Figures 4 and 5).

For the parallel direction, the average quantity of
wood particles in the lower surface layer of the OSB
was 6.7 % higher in comparison with the upper face,
but the average size of the wood particles in the lower
face was 1.6 % smaller than in the upper face. For the
perpendicular direction, the average quantity of wood
particles in the lower surface layer of the OSB was
16.2 % higher, and their size was 1.5 % smaller than in
the upper face of the OSB.

4 CONCLUSION
4. ZAKLJUCAK

OSB is a state-of-the-art material that — although
manufactured from low-quality raw materials — does
provide very good mechanical properties, which make

Figure 5 OSB/3 — Superfinish, parallel direction — upper
face. Top-down: raster image scanned, vectorized image;
image created by means of the ,,Threshold* function (the
white color stands for clearances between the chips within
the surface layer)

Slika 5. OSB/3 — izvrsne zavr$ne obrade, paralelni smjer —
gornja strana; odozgo prema dolje slijedi skenirana rasterska
slika koja je vektorizirana, a na dnu je slika nastala
primjenom funkcije ,,Threshold* (bijela boja oznacava
zracnost izmedu iverja u povrSinskom sloju)
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it suitable to be used in the building industry. In order
to use the advantageous properties of this material even
more efficiently, OSB should be placed with the upper
face downwards so as to withstand bending loads
(floors, roofs, etc.). The characteristic properties of this
material will thereby be used more efficiently, the re-
sulting constructions will be of a higher strength, and a
lower deflection under load will be achieved.

Furthermore, using OSB with the upper face
downwards is advantageous because of the relatively
high variability in the values of modulus of elasticity in
bending (15.4 to 25.9 % in the parallel direction). Test
specimens whose surface layers included large chips
achieved — within the testing groups — some significan-
tly higher MOE values in comparison with specimens
having surface layers containing larger quantities of
smaller chips. Thus the size and quantity of the chips in
the surface layer are significant factors influencing the
modulus of elasticity in bending, as well as the deflec-
tion, primarily because wood-based materials loaded
by bending are broken mostly on the lower face of the
test specimen under tension.

Current standards ruling the determination of mo-
dulus of elasticity in bending use the know-how of the
manufacturing of strand panels but are not appropriate
for evaluating the properties of OSB. For determining
the modulus of elasticity in bending, one half of the test
specimens were placed with the lower face downwards
and the other half with the lower face upwards. This pro-
cedure is sufficient to determine the quality of the bon-
ding (in accordance with the CSN EN 310 standard);
however, it is less appropriate for determining the cha-
racteristic properties of building materials (in accordan-
ce with the CSN EN 789 standards) to be expressed
within the 5 % percentile. Although the variation in the
properties of the upper and lower faces of the panels is
just on the limit of statistical determination, it is signifi-
cant enough to generally place all OSB test specimens
with lower face downwards. Reaching the lower 5 %
percentile more objectively will thereby be secured.
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ABSTRACT ¢ The aim of our research was to analyze the cooperation of furniture industry and designers in
product development process. The results indicate the difficulties of and impediments to such cooperation. SWOT
analysis was used for analyzing the strengths and opportunities as well threats and weaknesses of cooperation of
furniture industry with designers in product development process. The leading management of furniture companies
and designers indentified greater creativity (more innovative solutions), better design and more fresh ideas as the
highest strength and opportunity of cooperation.

Key words: furniture industry, product development, design, SWOT analysis

SAZETAK e U istrazivanju je analizirana suradnja industrije namjestaja i dizajnera u procesu razvoja proizvoda.
Rezultati upucuju na teskoce i suzdrzanost pri takvoj suradnji. Primjenom SWOT analize istrazene su prednosti i
mogucnosti te opasnosti i nedostatci suradnje industrije namjestaja s dizajnerima pri razvoju proizvoda. Najve¢om
koris¢u od te suradnje vodeci manadzment proizvodaca namjestaja i dizajneri ocjenjuju vecu kreativnost (vise ino-
vativnih rjesenja), bolji dizajn i vise svjezih ideja.

Kljucne rijeci: industrija namjestaja, razvoj proizvoda, dizajn, SWOT analiza

1 INTRODUCTION updating the existing ones, and at the same time it is

1. UVOD

In recent decades the furniture industry has gone
through major changes. The life cycles of products are
becoming increasingly shorter, leading to an increasing
need for intensified development of new products or

necessary to continually update the technology and equi-
pment as well as to include developmental and research
activities, education and the search for financial resour-
ces for the development and business operation of com-
panies. Furniture industry needs to recognize that while
developing and investing in the organization, computeri-
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zation, automation and equipment, it must also invest in
product development. This is certainly a major under-
taking, but it is feasible with appropriate strategies of
work, business operation and education.

The problem of (non)competitiveness of Slove-
nian furniture industry is, among other things, also re-
flected in the lack of innovation and improper or lack
of intensive investment in product development. The
issue of innovation covers all stages of development
from concept, prototyping, through laboratory studies
of material and structures, market reserach as well as
research of technological abilities of the company to
the selection of concepts and product manufacture.
Qualitative development of innovative products of the
company is much more difficult to derive by compa-
nies themselves due to various socio technological
factors (company size, level of education, environment,
company strategy, etc.) so it is desirable to develop
cooperation with external experts (designers, ergono-
mists, ecologists, etc.). In many Slovenian furniture
companies developing innovative products does not
fall between the main strategies of the company’s busi-
ness activities. Companies too often decide to indiscri-
minately copy and transfer practices from abroad, but
this rarely has a long-term positive effect on company
performance (Feltrin, 2010).

Our research was carried out to demonstrate the
problems of (non)cooperation between the companies
and designers as well as external experts for product
development and furniture industry. We wished to in-
dentify the areas that, due to the current situation, cau-
se negative impacts on product development in furnitu-
re industry and the most influencing factors on the
development of own products according to the opinion
of designers and furniture companies. The literature
dealing with the above-mentioned areas (Green and
Bonollo, 2002; Hubka, 1987; Perne, 1999; Wainwri-
ght, 1995; Hague et al., 2003; LU and Wood, 2006;
Howard and Lewis, 2002; Mital, 1994; Blanchard,
1996; Prekrat and §panié, 2009; Jost and Sernek, 2009;
Mughal and Osborne, 1995; Driscoll, 2001; Fabricius,
1994; Kuo et al., 2001; Groselj et al., 2011; Prekrat et
al., 2004), the industry design on the one hand and the
area of furniture industry companies on the other hand,
can indicate the characteristics of developmental acti-
vities of the two poles.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Our research includes furniture companies classi-
fied as follows:

— manufacture of office and shop furniture;
— manufacture of kitchen furniture;
— manufacture of other furniture.

1325 companies have been classified in accor-
dance with the above classification. Among these com-
panies, manufacturers of wood furniture that employ
less than 10 workers were eliminated as well as those
that failed to cooperate with external designers in deve-
lopmental projects. In this way, we selected 147 com-

130

panies suitable for carrying out the said research. We
conducted telephone interviews with each company, in
which we presented the problem and determined the
adequacy of the company itself. The interviews showed
that some companies could develop products, some
companies did not cooperate with designers and even
had their own development, and some companies sim-
ply did not wish to participate. So, we finally received
138 responses and processed their results.

A separate questionnaire was also developed to
obtain the opinions of designers involved in product
development in the Slovenian furniture companies. We
obtained 111 completed questionnaires of active furni-
ture designers.

The interview was used as a research method,
and the questionnaire as a research tool. In the resear-
ch, the measurement of phenomena was done by using
different approaches. For some questions in this study
we used a nominal scale, which involves a simple form
of measurement, when a specific number is used only
to identify the object of study or any of the characteri-
stics (gender, demographic area, etc.) We also used cal-
culating operations, where we counted individual phe-
nomena, and among different scales of measurement,
we used the ordinal scale, which was very useful and of
great assistance in classifying objects of research ac-
cording to certain characteristics (excellent, very good,
good, satisfactory, unsatisfactory, etc.).

Our questionnaire mainly consisted of closed type
questions, which were answered by respondents so that
they chose between pre-prepared answers. The answers
were mutually exclusive and we have tried to formulate
them in such a way that they covered a greater range of
plausible answers. Such system was mainly used becau-
se it is much easier to explain and to classify answers to
closed type questions. Some questions were dichoto-
mous, i.e. they were offered just two completely opposi-
te possibilities, and most of the questions were provided
with multiple-choice answers. We also used Likert scale,
where respondents expressed their degree of agreement
/ disagreement with a given position, and some questions
were designed so that the respondents evaluated the an-
swers based on a scale according to the characteristics of
the specific items. In addition, we also used evaluation
scale and sorting by relevance.

We carried out a SWOT analysis of cooperation
of furniture industry companies with designers in the
development of products. Designers and the leading
managers in the furniture industry companies have
evaluated factors that represent strengths and opportu-
nities for product development with the assistance of
external experts, as well as threats and weaknesses that
may arise in such cooperation.

3 RESULTS AND DISCUSSION
3. REZULTATI | DISKUSIJA

At the beginning of our research, we asked the
leading managers in the furniture companies and desi-
gners whether they believed that the Slovenian furnitu-
re industry companies should invest more resources in
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Figure 1 The need for greater investment in product development as compared with investment in other activities. (Number

of companies (N) = 158, number of designers (N) = 111)

Slika 1. Potreba za ve¢im ulaganjima u razvoj proizvoda nego u druge djelatnosti. (Broj poduzeca (N) = 158, broj dizajnera

(N) = 111)

the development of their own products as compared to
investing in other activities. The answers are shown in
Figure 1.

Figure 1 indicates the same views of companies
and designers, and namely that they should invest more
in developing their own products than in other activi-
ties within the company. Experts are completely con-
vinced of that, one fifth of companies would invest the
same amount of resources into product development as
done so far, while a few companies interestingly belie-
ve that investing in other activities is much more im-
portant.

To learn further about the availability of desi-
gners ‘on the market’, we asked the leading manage-
ment in companies and designers whether they belie-
ved that Slovenia had enough designers, professionals
or organizations that furniture companies could engage
for product development. The answers are shown in
Figure 2.

Almost two third of the companies believe that
experts are available, but companies make no use of
that (50%) or are unable to afford that (13%), while
more than one third of responsible managers in the
companies (38%) believe that there are not enough
such professionals. It is very important for our study to
note that companies are aware of the presence of these

experts, and however they do not engage them, which
suggests a missed opportunity.

To better understand the lack of quality of coope-
ration of companies and designers in product develop-
ment, we wanted to establish by a questionnaire to
whom and to what extent an individual’s “prejudices”
affect the interest in cooperation. The question was:
“Evaluate factors that affect the disinterestedness of
furniture industry companies to cooperate with desi-
gners and other external experts. «Evaluations in this
case meant: 5 — I agree with the statement, 3 — it ap-
plies in certain cases, and in certain cases it does not
apply, 1 — I disagree with the statement. The answers
are shown in Figure 3.

The most problematic factor in our study proved
to be »very few examples of good practice, bad expe-
rience from the past«, which was confirmed by more
than one third of the companies. Since there are only
few examples of good practice, the companies rather
choose other ways of operation, because they do not
recognize opportunities and strengths in cooperation.

Through SWOT analysis, we examined the
factors that, in the opinion of the leading management
of the furniture companies, represent the strengths and
opportunities in product development with designers.
In doing so, evaluation 5 meant that the factor repre-

’ O Companies / poduzeéa

m Designers / dizajneri ‘

Yes / da

0
23

Yes, but companies do not use make use of that
Da, no poduzeca se s time ne sluze

50
69

Yes, but the companies are unable to afford that
Da, no poduzeca si to ne mogu priustiti

13

No, there is not enough of such proffesionals

| 38

Ne, takvih strucnjaka nema dovoljno
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Figure 2 Opinion on the availability of appropriate designers for product development. (Number of companies (V) = 158,

number of designers (N) = 111)

Slika 2. Dostupnost odgovarajucih dizajnera za razvoj proizvoda. (Broj poduzeca (N) = 158, broj dizajnera (N) = 111)
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Figure 3 Impact factors on non-desirability of companies to work with designers. (Number of companies () = 158, number

of designers (N) = 111)

Slika 3. Utjecajni ¢imbenici nepozeljnosti tvrtki za rad s dizajnerima. (Broj poduzecéa (N) = 158, broj dizajnera (V) = 111)

sents an important priority, 3 that the factor is partly
important and 1 that the factor is not important at all.
Figure 4 shows the first part of the SWOT analysis.

Both designers and leading management of the
companies evaluated “the greater creativity (more in-
novative solutions), better design and more fresh ideas”
as the highest strength and opportunity among the se-
lected factors. The next best evaluated strength and op-
portunity in the product development with designers
represented “building your own brand through an ima-
ge of an external expert”. Nearly 80% of designers and
more than one half of the companies made such asses-
sment. The results are expected and stress the advisabi-
lity of their cooperation with external experts.
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Figure 5 shows the second part of the SWOT
analysis of cooperation of companies with designers.
Respondents evaluated the factors that may affect the
threats and weaknesses of product development with
the help of designers who are not employees of the
company by evaluations: 5 - very critical, 3 - medium
critical, 1 - non-critical.

According to nearly half of the designers and half
of the companies that participated in the research, igno-
rance of the market and customer in the products deve-
lopment process is very problematic. Market and cu-
stomer research is actually one of the basic phases in
the project of product development. Conducting a tho-
rough market research can provide an easier and sim-
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Figure 4 Strengths and opportunities of product development by designers who are not employees of the company. (Number

of companies (N) = 158, number of designers (N) = 111)

Slika 4. Prednosti i mogucénosti razvoja proizvoda od dizajnera koji nisu zaposleni u poduzecu. (Broj poduzeca (N) = 158,

broj dizajnera (N)=111)

pler process and more qualitative results of develop-
ment. Lack of confidence in the skills of designers has
also proved to be very critical — both by companies and
designers. Nearly one half of the companies evaluated
very critically the non-familiarity with the methods of
work in the company. This factor was evaluated as very
critical by only one fourth of designers.

We also wanted to know which information was
considered relevant and important in the product deve-
lopment by the company leading management and de-
signers. Table 1 shows the answers classified according
to the percentages from the most important ones to the
least important ones.

DRVNA INDUSTRIJA 62 (2) 129-136 (2011)

Table 1 clearly indicates comparable evaluations
made by designers and companies in all cases, with the
exception of the evaluation of reasonableness of infor-
mation on organization of the company, knowledge and
human resources in it, on company activities (basic, ad-
ditional, future ones, cooperation) and economic indica-
tors of the company. In the above-mentioned cases more
than one half of the designers identified information as
necessary, while the companies identified them as par-
tially necessary for the development of products.
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Figure 5 Threats and disadvantages of product development by designers who are not employees of the company. (Number

of companies (N) = 158, number of designers (N) = 111)

Slika 5. Prijetnje i nedostaci razvoja proizvoda od dizajnera koji nisu zaposleni u poduzeéu. (Broj poduzeéa (N) = 158, broj
dizajnera (N) = 111)
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Table 1 Key information about the company in product development process
Tablica 1. Kljuéne informacije o poduzeéu u procesu razvoja proizvoda

Very important information Companies | Designers

Vrlo vazna informacija Poduzeca | Dekorateri
% %

Strengths and opportunities of a company / prednosti i moguénosti poduzeca 95 91

Characteristics of products that will be the most desired ones among potential buyers in future 91 91

svojstva proizvoda koja ¢e u buduénosti biti najpozeljnija za potencijalne kupce

Company markets (niches, competition, etc.), buyer, price ranger, etc. 90 82

trzista poduzeca (nise, konkurencija...), kupac, cjenovni razred, ...

Trademarks of the company, classification, objectives, vision 77 91

Robne marke poduzeca, uvrstavanje, ciljevi, vizija

Characteristics of the actual products (materials, technology, etc.) 64 64

znacajke postojecih proizvoda (materijali, tehnologija, ...)

The current situation (technology, marketing, advertising, competition, etc.) 59 64

postojece stanje (tehnologija, komercijalizacija, promidzba, konkurencija, ...)

Expected investments (technology, human resources, development, etc.) 50 64

Predvidene investicije (tehnologija, kadrovi, razvoj,...)

Company deficiencies / nedostaci poduzeéa 50 45

Company organization, knowledge, human resources / organizacija poduzeca, znanje, kadrovi 41 55

Basic, additional and future activities, cooperation 36 55

osnovne, dodatne i buduce djelatnosti, kooperacija

Economic indicators of the company (sales, profit, development resources, etc.) 32 55

ekonomski pokazatelji poduzeéa (prodaja, dobit, sredstva za razvoj, ...)

Less important information / manje vazna informacija

4 CONCLUSION
4. ZAKLJUCAK

The survey showed the unity of designers and
companies who believe that in the past there were more
innovative and designed products in the furniture indu-
stry and that industry should improve the ratio of inve-
stment in development, compared to investing in other
activities. According to the interviewed companies and
designers, in the development of innovative products it
is most difficult to provide and ensure resources for the
development and low costs of the complete process
(development, production, sales, etc.) with regard to
the achieved outcome. Companies believe that it is dif-
ficult to ensure the implementation in due time, desi-
gners are of the opinion that it is difficult to ensure a
high degree of innovation, concentration skills and / or
the professionals or teamwork.

There is only a small level of cooperation between
the companies and designers and other professionals.
In order to achieve a better cooperation, it is firstly ne-
cessary to overcome the myths and formal barriers of
high costs of participation, to be aware of the importan-
ce of project work, innovation, cooperation at all levels
and of poor negative experiences. As confirmed by our
research, it is necessary to consolidate and strengthen
the awareness that an individual does not have all the
necessary skills and practical ability to handle the sca-
le, which is required today by high-quality product de-
velopment.
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SAZETAK U radu su provedena istraZivanja konkretnog problema drvnotehnoloske prakse u tvrtki koja pro-
izvodi dovratnike od srednje gustih ploca vilaknatica (MDEF, engl. medium density fiberboards). Vidljive stranice
MDF dovratnika povrsinski su lakirane bijelim poliuretanskim lakom. Tridesetak dana nakon ugradnje na boc¢nim
stranicama dovratnika pojavile su se duzinske pukotine u lakiranom filmu. U istraZivanju pojave tih pukotina
ispitana su tehnicka svojstva i koncentracija slobodnog formaldehida MDF ploca originalnog dovratnika proizvo-
daca K, MDF ploca istog proizvodaca iz pogona proizvodnje dovratnika, MDF ploca proizvodaca H te lakiranih
eksperimentalnih MDF ploca oba proizvodaca. Eksperimentalne ploce s oznakom KE, proizvodaca K, jedine su
zadovoljile zahtjeve normi HRN EN 622-5 za ploce viaknatice za opéu uporabu u suhim uvjetima (tip MDF).
Struktura lakirane povrsine testirana je nanoSenjem 97-postotne sulfatne kiseline (H,SO,) na tanke lamele de-
bljine 5 mm koje su ispiljene od bocnih stranica eksperimentalnih uzoraka te uzoraka originalnog dovratnika.
Djelovanjem kiseline destruiran je zavrsni sloj laka, a pigmentirani temelj s ostalim dodacima sastrugan je s
povrsine. Uoceno je da lakirani film originalnoga lakiranog dovratnika proizvodaca MDF ploca K nema sloj
dvokomponentnoga poliuretanskog bezbojnog temelja ili je nanesen u neznatnoj kolicini. Pucanje lakirnog fil-
ma na bocnim stranicama posljedica je dubinskih pukotina u strukturi MDF ploce, koje se pojavljuju tridesetak
dana nakon lakiranja. Eksperimentalne ploce s oznakom KE, proizvodaca MDF ploca K, imaju optimalan sloj
dvokomponentnoga poliuretanskog bezbojnog temelja, dvokomponentni poliuretanski bijeli temelj te poliuretanski
dvokomponentni polumat lak i na njima nisu uocene izrazitije pukotine na boc¢nim stranicama. Pri lakiranju MDF
ploca potrebno je nanijeti optimalan sloj dvokomponentnoga bezbojnog poliuretanskog temelja na bocne stranice
te potpuno zastititi dovratnike poliuretanskim filmovima, a ne samo na vidljivim stranicama. Nuzno je primijeniti
nosive MDF ploce za uporabu u suhim uvjetima tipa MDF.LA, a u uvjetima povisene relativne vlage zraka pri-
mijeniti ploce viaknatice za opéu uporabu u viaznim uvjetima tipa MDF.H ili nosive ploce za uporabu u vlaznim
uvjetima tipa MDF.HLS. Tanka MDF ploca, slijepljena s debelom MDF plocom, mora imati povec¢anu otpornost
na vodu ili to mora biti ploca vlaknatica iz skupine HDF ploca.

Kljucne rijeci: tip MDF ploca, poliuretanski film, tehnicka svojstva, pukotine lakirnih filmova, pukotine MDF ploca

ABSTRACT e This paper presents the research of a specific problem met in woodworking practice by the company
K that manufactures door frames made of MDF boards (medium density fibreboards). Visible side surfaces of MDF
door frames were lacquered with white polyurethane lacquer. Thirty days after installation, longitudinal surface

I Autori su izvanredni profesor i asistent na Sumarskom fakultetu Sveucilista u Zagrebu, Zagreb, Republika Hrvatska. > Autorica je zaposleni-
ca u Holzcluster Steiermark GmbH, Graz, Republika Austrija. *Autor je izvanredni profesor na Univerzitetu Sv. Kiril i Metodij, Skopje, Re-
publika Makedonija.

! Authors are associated professor and assistant at Faculty of Forestry, University of Zagreb, Croatia. > Author is BSc in wood technology,
employee of Holzcluster Steiermark GmbH, Graz, Austria. *Author is associated professor at University of Sv. Kiril i Metodij, Skopje, Repu-
blic of Macedonia.
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cracks appeared in the lacquer film on side planes of the door frame. Within the research of the said appearance
of cracks, testing was carried out of technical properties and free formaldehyde concentration of the original door
frame made of MDF boards by the manufacturer K, MDF boards of the same manufacturer from door frame plant,
MDF boards made by the manufacturer H and lacquered experimental MDF boards of both manufacturers.

The lacquered surface structure was tested by applying 97 % sulphuric acid (H,SO,) on 5 mm thick lattices that
were cut out from side planes of experimental and original door frame samples. The action of acid destructed the
lacquer final layer, and pigmented base with other additives was scraped off the surface. It was noticed that the
lacquer film on the original door frame made of MDF panels by the manufacturer K had no two-component poly-
urethane clear base, or that it was applied in a very small quantity.

Lacquer film cracking on side planes is the consequence of in-depth cracks in the structure of MDF panels that oc-
cur thirty days after lacquering. Experimental boards designated KE, produced by MDF manufacturer K, have an
optimum layer of two-component polyurethane clear base, two-component polyurethane white base and two-com-
ponent polyurethane semi gloss enamel paint. On side planes of these boards no distinctive cracks were observed.
In lacquering MDF boards, it is necessary to apply two-component polyurethane clear base on side planes, and to
fully protect the door frames with polyurethane films, and not only the visible planes.

The use of load bearing MDF boards is necessary in dry conditions - MDF.LA type, and in increased relative hu-
midity, fibreboards are required for general use in humid conditions - MDF.H type or load bearing boards for use
in humid conditions - MDF.HLS type. Thin MDF board, glued to a thick MDF board, must be resistant to water

or be an HDF fibreboard.

Key words: MDF board, polyurethane film, technical properties, lacquer film cracks, MDF board cracks

1. UVOD
1 INTRODUCTION

Ovaj se rad temelji na istrazivanjima industrijski
proizvedenih dovratnika od MDF ploca lakiranih bije-
lim poliuretanskim lakom na kojima je tridesetak dana
nakon ugradnje popucala prevlaka na bo¢nim stranica-
ma. No do pucanja prevlaka doslo je i na neugradenim
lakiranim dovratnicima u skladistu. S obzirom na to da
je proizvoda¢ lakiranih dovratnika rabio MDF ploce
dvaju proizvodaca, provedeno je istrazivanje spome-
nute pojave na plo¢ama obaju proizvodaca. Prethodna
istrazivanja (Jambrekovi¢ i sur., 2009) pokazala su da
razlog pukotina mogu biti MDF ploce, pa se u ovom
radu detaljnije analiziraju njihova svojstva.

U posljednje vrijeme sve je ¢e$éa uporaba ploca
vlaknatica, osobito MDF ploca u graditeljstvu (kon-
strukcijske ploce, vrata, nogostupi, ograde, podovi, zi-
dne 1 stropne obloge i sl.) kao alternativa masivnom
drvu. Iako se MDF smatra najboljom zamjenom za ma-
sivno drvo, svojstva MDF-a osjetno su drugacija. MDF
ploce imaju prili¢no ujednacena svojstva u svim smje-
rovima, no ipak su im povrsine bo¢nih stranica, osobito
u MDF ploc¢a vece debljine (>35 mm), osjetno poroz-
nije od plosnih povrsina te imaju vecu poroznost prema
sredini plo¢e (Medved i Jambrekovi¢, 2001). Sorpcijski
procesi (bubrenje, utezanje) u debelih MDF plo¢a mo-
gu uzrokovati nestabilnost ploca te oste¢enja na
sintetickim prevlakama.

Uoceno je da se s poveéanjem gustoce MDF i
HDF plo¢a (> 850 kg/m®) povecava linearno Sirenje/
utezanje i debljinsko bubrenje/utezanje. Pri tome je de-
bljinsko bubrenje i utezanje vece od linearnog Sirenja i
utezanja (Ayrilimis, 2007).

U ispitivanju ovisnosti modula smika, évrstoée ra-
slojavanja i gustoce profila MDF ploca nije ustanovljena
korelacija izmedu mjesta popustanja i parametara dobi-
venih snimkom gustoce profila. Popustanja u srediSnjem
dijelu uzoraka dogadala su se samo ako je najniza
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gustoca bila manja od 30% srednje vrijednosti gustoce
(Schulte i Frithwald, 1996). Modul elasti¢nosti i modul
smika povecavaju se s povecanjem gustoée, a smanjuju
sa smanjenjem sadrzaja vode (Ganev i sur., 2005).

Istrazivanje linearnog S$irenja i debljinskog bu-
brenja MDF ploca kao funkcije gustoce ploca i stanja
sorpcije (Ganev i sur., 2005) pokazala su da je linearno
Sirenje u ravnini ploc¢e homogeno. S pove¢anjem gus-
toce povecava se linearno Sirenje, koeficijent linearnog
Sirenja, koeficijent debljinskog utezanja, linearno ute-
zanje 1 koeficijent linearnog utezanja. Koeficijent de-
bljinskog bubrenja visi je od koeficijenta debljinskog
utezanja za niZzu gustocu. Vrijednosti linearne kon-
trakcije 1 koeficijenta linearne kontrakcije (u desor-
pciji) vise su od vrijednosti linearnog Sirenja i koefi-
cijenta linearnog Sirenja (u adsorpciji). Utjecaj gustoce
na linearno $irenje, koeficijent linearnog Sirenja i koe-
ficijent linearnog utezanja osjetno je veci od utjecaja
gustoce na debljinsko bubrenje, koeficijent debljinskog
bubrenja i debljinsko utezanje.

U istrazivanjima dimenzijske stabilnosti MDF i
ploca iverica (Niemz i Poblete, 1996) mjereno je longi-
tudinalno i debljinsko bubrenje kondicioniranih ploca.
Ravnotezni sadrzaj vode i bubrenje MDF ploca bilo je
manje od odgovaraju¢ih vrijednosti ploca iverica.
Rekondicioniranjem ploca ustanovljeno je da su MDF
plo¢e dimenzionalno stabilnije.

Zbog temperaturnoga gradijenta i gradijenta vla-
ge koji se u plocama vlaknaticama razvijaju tijekom
vru¢eg presanja u plo¢i se pojavljuju zaostala napre-
zanja za vrijeme postizanja ravnoteznog stanja u sob-
nim uvjetima. Obavljena su mjerenja zaostalih napre-
zanja u plo¢ama vlaknaticama srednje gustoée (Houts i
sur., 2000) i odreden njihov utjecaj na svojstva ploce
kao $to sumodul elasti¢nosti, savojna ¢vrstoca, ¢vrstoca
raslojavanja i dimenzijska stabilnost. Sve ispitane
MDF plo¢e pokazale su sliéne trendove raspodjele
zaostalog naprezanja, ali su zamijeCene znacajne
razlike u veli¢ini izmjerenoga zaostalog naprezanja.
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Taguchi metodom istrazivano je zaostalo napre-
zanje u MDF plo¢ama (Houts i sur., 2001). Plo¢e su
izloZene toplini, vlazi i povisenom tlaku, a nakon urav-
notezenja na sobne uvjete izmjerene su promjene u
zaostalim naprezanjima po slojevima ploce metodom
seciranja. Primjenom topline i/ili vlage smanjena je
veli¢inu zaostalih naprezanja, dok primjena tlaka nije
imala utjecaj na zaostala naprezanja.

U istrazivanjima smanjenja zaostalih naprezanja
u MDF plo¢ama ispitivan je utjecaj na debljinsko bu-
brenje i ostala svojstva (Houts i sur., 2001). Mjerena je
Cvrstoca raslojavanja, modul rastezanja povrSinskog
sloja, ¢vrstoca povrsinskog rastezanja i debljinsko bu-
brenje obradenih uzoraka. Otkrivena je jaka korelacija
izmedu zaostalih naprezanja i debljinskog bubrenja.
Kada je promjena zaostalih naprezanja kroz vanjski
sloj plo¢e gotovo potpuno uklonjena, uoc¢eno je 20%
manje debljinsko bubrenje.

Poliuretanski lakovi (PU) dijele se u Cetiri karakte-
risticne skupine: klasi¢ni dvokomponentni PU lakovi,
transparentni sustavi s poliakrilatima, High Solid PU
lakovi (s visokim sadrzajem suhe tvari) te pigmentirani
sustavi sa svjetlootpornim izocijanatima (Ljuljka,
1990). Podloge za pigmentirani lak najéesce su neople-
menjene ili folijjama oplemenjene ploce (iverice i
MDF), a rjede furnirana plo¢a i masivno drvo. Na MDF
plo¢ama zbog manje gustoce srediSnjeg dijela ploce u
odnosu prema plohama mogu nastati znatni problemi.
Rubovi jace upijaju lak nego plohe, kroz takve porozne
rubove ulazi voda i uzrokuje bubrenje te nastaju puko-
tine lakirne prevlake.

Cilj ovog rada jest utvrditi uzroke pojave duzin-
skih pukotina u poliuretanskome lakirnom filmu na
bo¢nim stranicama dovratnika izradenoga od MDF plo-
¢a koje se pojavljuju tridesetak dana nakon lakiranja.

2. MATERIJALI | METODE
2 MATERIALS AND METHODS

2.1. Materijali
2.1 Materials

Istrazivanja su provedena na sljede¢im MDF plo-
¢ama (sl. 1.12):
1. nelakirane i neslijepljene MDF ploce
- proizvodaca H sa skladista uvoznika (HA)
- proizvodaca H iz proizvodnog pogona (H-3, H-4,
H-6)
- proizvodaca K iz proizvodnog pogona (K-5)
2. nelakirane MDF ploce slijepljene s tankom vlakna-
ticom
- proizvodaca H iz proizvodnog pogona (H-1, H-2)
- proizvodaca K iz proizvodnog pogona, profilirane
(K-7, K-8)
3. eksperimentalne lakirane MDF ploce
- proizvodaca H (HE)
- proizvodaca K (KE)
4. MDF ploce originalnoga ugradenog lakiranog do-
vratnika (KD).
Nelakirane, neslijepljene i MDF ploce slijepljene
s tankim vlaknaticama izdvojene su metodom slucajnog
izbora.
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Slika 1. Materijali istrazivanja: 1H, 2H — MDF ploce
proizvodaca H slijepljene s tankom vlaknaticom; 3H, 4H,
6H — MDF ploce proizvodaca H; SK — MDF ploce
proizvodaca K; 7K, 8K — MDF ploce proizvodaca K
slijepljene s tankom vlaknaticom i profilirane

Figure 1 Research materials: 1H, 2H — MDF boards,
manufacturer H, glued with thin fibreboard; 3H, 4H, 6H —
MDF boards, manufacturer H; 5K — MDF boards, manufac-
turer K; 7K, 8K — MDF boards, manufacturer K, glued with
thin fibreboards and then profiled

b) ¢)

Slika 2. Materijali istrazivanja: a) lakirani dovratnik, (KD,
KD,, KD,); b) eksperimentalni uzorak proizvodaca H, lijeva
(HE)) i desna (HE,) bo¢na stranica; c) eksperimentalni
uzorak proizvodaca K, lijeva (KE)) i desna (KE,) bo¢na
stranica

Figure 2 Research materials: a) Lacquered door post, (KD,
KD,, KD,); b) Experimental sample, manufacturer H, left
(HE)) and right (HE,) side plane; c) Experimental sample,
manufacturer K, left (KE,) and right (KE,) side plane

Dovratnik od MDF ploce

Dovratnik je izraden od MDF ploce nazivne de-
bljine 38 mm, iskrojene na Sirinu 100 mm. Ploce su
krojene od osnovnog formata 2 650 x 2 070 mm. Na
nosivu MDF ploc¢u dovratnika lijepljen je tanki MDF
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nazivne debljine 3,2 mm. Za lijepljenje je upotrijeblje-
no karbamid-formaldehidno ljepilo u prahu, emisijske
klase E1. Pripremljeno je odmjeravanjem 3 kg ljepila u
prahu i % litre vode. Ljepilo je nanoSeno valjcima,
samo na tanku MDF ploc¢u. Presanje je obavljeno u
troetaznoj vruéoj presi dimenzija ploca 3 300 x 1 300
mm. Zbog brzine vezanja ljepila koriStene su samo
dvije etaze. U svaku je etazu stavljano po osam elemena-
ta, s razmakom od 10 mm. Duljina MDF ploca za lijep-
ljenje bila je 2 600 mm. Tlak presanja bio je 150 kg/
cm?, a temperatura pre$anja 60 °C. Vrijeme preSanja
iznosilo je Cetiri minute. Nakon presanja elementi su
slagani u slozaj u proizvodnom pogonu temperature
oko 10 °C i relativne vlage oko 80 %. Slijepljeni mate-
rijali MDF ploca profilirani su u gotove elemente za
izradu dovratnika, a potom je uslijedilo krojenje i
spajanje elemenata sljepljivanjem i dodatnim pojaca-
njima vijcima na kutnim spojevima.
Nakon izrade dovratnika obavljeno je lakiranje u
otvorenoj lakirnici, u kojoj je takoder bila vrlo niska tem-
peratura (oko 12 °C). Prije lakiranja dovratnici nisu bru-
Seni. Lakirane su samo vidljive stranice dovratnika. Za
lakiranje dovratnika i eksperimentalnih elemenata upo-
trijebljen je poliuretanski bezbojni temelj s visokim sadr-
zajem suhe tvari, poliuretanski dvokomponentni bijeli
temelj te poliuretanski dvokomponentni polumat lak s
pigmentima postojanim na UV svjetlost, kontakt i razrje-
divac. Lakiranje dovratnika provedeno je na ovaj nacin:
1. nanoSenje bezbojnog temelja s kontaktom, bez raz-
rjedivanja,

2. brusenje, nakon 40 minuta (granulacija brusnog
sredstva 280),

3. nanoS$enje bijelog temelja s kontaktom, uz razrjedi-
vanje,

4. brusenje (granulacija brusnog sredstva 280),

5. zavr$no lakiranje (polumat) bijelim lakom s kon-
taktom, uz razrjedivanje.

Nakon svakog nanosenja poliuretanskih sredsta-
va eksperimentalni su uzorci odlagani na police u otvo-
renoj lakirnici. Ukupno vrijeme povrsinske obrade bilo
je oko pet sati.

Eksperimentalni uzorci

Iz serije iskrojenih ploca izdvojeni su elementi
proizvodaca H i elementi proizvodaca K, dimenzija 38
x 100 x 1 267 mm. Eksperimentalni elementi lakirani
su u pogonskim uvjetima kao i originalni dovratnik.

2.2. Metode rada
2.2 Research methods

Primjenom HRN EN normi obavljena su ispiti-
vanja fizikalnih svojstava (debljine, gustoce, sadrzaja
vode, bubrenja, otpornosti na vru¢u vodu), mehanickih
svojstava (¢vrstoce raslojavanja, savojne ¢vrstoce, mo-
dula elasti¢nosti savojne ¢vrstoce) i koncentracije slo-
bodnog formaldehida MDF ploca. Struktura lakirnih
filmova analizirana je nakon kemijske obrade, koja se
sastojala od nanoSenja 97-postotne sulfatne kiseline
H,SO, (1:1) na povrSinu filma, djelovanjem tijekom
pola sata, ispiranja destiliranom vodom te skidanja
pojedinih slojeva. Da bi se provjerilo jesu li evidentira-
ne pukotine samo u filmu ili se dubinski protezu i u
strukturu bo¢nih profila, povrsine su premazane jodom
koncentracije c(I,) = 1 mol/L.

Osim MDF ploc¢a proizvodaca H, izdvojenih me-
todom slucajnog izbora iz slozaja sa skladista
dobavljaca, te iskrojenih prema shemi navedenoj u
normi HRN EN 326-1:1999, ispitni uzorci iz ostalih
elemenata krojeni su prema moguénostima s obzirom
na male dimenzije i broj dostupnih elemenata.

Ispitivanje koncentracije slobodnog formaldehi-
da obavljeno je ekstrakcijskom perforatorskom meto-
dom, uz spektrofotometrijsku analizu formaldehidne
otopine (HRN EN 120).

3. REZULTATI ISTRAZIVANJA
3 REASERCH RESULTS

3.1. Zbirna analiza ispitnih rezultata
3.1 Summary analysis of test results

U tablici 1. dana je zbirna analiza ispitnih rezultata
te sukladnosti pojedinih MDF elemenata s HRN EN
normama za MDF plo¢e namijenjene uporabi u suhim
uvjetima, za tip ploca vlaknatica za opéu uporabu u

Tablica 1. Zbirna analiza ispitnih rezultata pojedinih elemenata od MDF ploca i stupanj sukladnosti s normiranim zahtjevima

za tip MDF i MDF.LA

Table 1 Summary analysis of test results of individual MDF board elements and the degree of compliance with standard

requirements for MDF and MDF.LA type

Oznaka MDF | Bubrenje Q-24 Cvrstoéa Savojna ¢vrstoéa | Modul elasti¢nosti | Tip MDF Tip
materijala Swelling Q-24 | raslojavanja | Bending strength Modulus of MDF type MDF.LA
MDF material Tensile strength MPa elasticity MDF.LA type

code % MPa MPa
HA 2,95 0,429 31,93 1707 + |- |+ + -+ -
KE 2,71 0,505 36,50 2891 + o+ -+
HE 4,67 0,395 24,37 2854 + -+ -] F
1H 7,13 0,360 17,08 932 + |- |+ + - -1-
2H 5,74 0,427 20,76 1619 + -]+ + - -1-
3H 4,79 0,398 23,22 2140 + |-+ -]+ ]+
4H 6,49 0,308 19,77 2037 S I I I T e
6H 6,80 0,456 24,52 2477 + - |+ |+ |+ -]+ +
KD 5,85 0,375 18,05 1564 - - -] -] -
5K 9,12 0,448 23,47 1976 S I I I I I I
7K+8K - - 18,34 1514 + | - -
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Slika 3. Graficki prikaz debljine pojedinih elemenata od MDF ploca
Figure 3 Graphic presentation of thickness of individual MDF board elements

suhim uvjetima (tip MDF) i nosivih ploca vlaknatica za
uporabu u suhim uvjetima (tip MDFE.LA). Zbog ogra-
ni¢enih moguénosti krojenja ispitnih uzoraka nelakira-
nih MDF ploca slijepljenih s tankim vlaknaticama i pro-
filiranih (7K, 8 K) ispitni su rezultati prikazani zajedno.

Iz navedene analize ispitnih rezultata pojedinih
elemenata od MDF ploca vidljivo je da samo lakirani
eksperimentalni uzorak MDF plo¢e oznake KE pro-
izvodaca K zadovoljava zahtjeve HRN EN normi, i to
samo tip MDF, dakle ploce vlaknatice za op¢u uporabu
u suhim uvjetima. MDF ploce originalnog dovratnika
ne zadovoljavaju zahtjeve HRN EN normi.

3.2. Fizikalna i mehani¢ka svojstva
3.2 Physical and mechanical properties

3.2.1. Fizikalna svojstva
3.2.1 Physical properties

Debljina

Svi su elementi u granicama dopustenog odstu-
panja od nazivne debljine (+0,3 mm). Uzorcima koji
imaju slijepljenu tanku MDF plocu (1H, 2H, KD,
7K+8K) debljina je mjerena zajedno s tankom MDF
plocom, pa imaju oko 3 mm vecu debljinu od ne slije-
pljene MDF ploce. Uzorci MDF ploc¢a originalnoga
lakiranog dovratnika (KD) imaju najvecu debljinu
zbog slijepljene tanke vlaknatice i laka nanesenoga na
povrsinu ploce (sl. 3).

Gustoca

Gustoce svih elemenata od MDF ploca nalaze se
u podrucju srednje gustih vlaknatica. Gustoce eleme-
nata proizvodaca K uglavnom su vece od 0,700 g/cm’,
dok se gustoce proizvodaca H kre¢u izmedu 0,687 g/
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cm® i 0,717 g/cm?. Zanimljivo je da najveéu gustoé¢u
ima originalni dovratnik (KD) proizvodaca K (0,753
g/cm?). 1z grafickog prikaza vidljivo je da je najvece
rasipanje podataka za uzorak 4H, a to je MDF element
proizvodaca H, neslijepljen i nelakiran, izdvojen iz
ruba slozaja (sl. 4). Najmanje rasipanje podataka ima
MDF element KE, lakirani eksperimentalni element. S
iznimkom elementa 4H, moZe se re¢i da su gustoce
unutar pojedinih elemenata vrlo ujednacene.

Sadrzaj vode

Sadrzaj vode krece se u granicama od 5,66 do 6,49
%, s iznimkom uzoraka proizvodaca H sa skladiSta
dobavljaca (7,58 %) i nelakiranih debelih MDF eleme-
nata slijepljenih s tankim MDF elementima (4,99 %) (sl.
5). Svi se elementi po sadrzaju vode nalaze u granicama
propisanim normama (od 4 do 11 %). Vidljiva je vrlo
ujednacena raspodjela sadrzaja vode, osim za profilira-
ne, slijepljene MDF elemente proizvodaca K (7K+8K).

Bubrenje

Prema HRN EN 622-5, za sve tipove MDF ploca
maksimalno dopusteno bubrenje u 24- satnom tretmanu
jest 8 %. Proizvoda¢ MDF ploca K ima MDF elemente i
s najmanjim (KE) i s najve¢im bubrenjem (5K). Bu-
brenje MDF originalnog dovratnika (KD) ima najvece
rasipanje podataka (sl. 6). Sirok interval bubrenja MDF-
a obaju proizvodaca znak je nejednolike kvalitete MDF-
a, kako pojedinacnih, tako i serija ploca. MDF sa
skladista uvoznika proizvodaca H ima najmanje bu-
brenje (2,95 %) u odnosu prema ostalim elementima u
pogonu proizvodnje MDF dovratnika (od 4,67 do 7,13
%). Element 6H ima najvece rasipanje podataka. Ploce
7K+8K profilirane su pa nije bilo moguce ispitati njiho-
vo bubrenje u skladu s normiranim.
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Slika 4. Graficki prikaz gustoce pojedinih elemenata od MDF ploca
Figure 4 Graphic presentation of density of individual MDF board elements

3.2.2. Mehanicka svojstva
3.2.2 Mechanical properties
c

vrstoca raslojavanja

Prema normama HRN EN 622-5, minimalna
¢vrstoéa raslojavanja MDF ploc¢a za opéu uporabu u
suhim uvjetima za tip MDF jest 0,50 MPa, a za tip
MDEF.LA iznosi 0,55 MPa. Za MDF ploc¢e vlaknatice
namijenjene uporabi u vlaznim uvjetima (tip MDF.H) i

8,0

nosive MDF ploce vlaknatice za uporabu u vlaznim
uvjetima (tip MDF.HLS) propisana je minimalna
¢vrstoca raslojavanja 0,70 MPa. Samo eksperimentalni
uzorak KE proizvodaca K zadovoljava navedene nor-
mirane zahtjeve za tip MDF. Vrijednosti ¢vrstoce ra-
slojavanja MDF elemenata proizvoda¢a K uglavnom
su osjetno vise. I u tome je uocljiva nejednolika kvali-
teta MDF ploca iz pojedinih serija, odnosno iz pojedi-
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Slika 5. Graficki prikaz sadrzaja vode pojedinih elemenata od MDF ploca
Figure 5 Graphic presentation of water content of individual MDF board elements
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Slika 6. Graficki prikaz bubrenja pojedinih elemenata od MDF ploca
Figure 6 Graphic presentation of swelling of individual MDF board elements

nih mjesta osnovnog formata MDF ploce. Moguc¢i su
problemi s nanos$enjem ljepila na vlakanca pri izradi
vlaknastog tepiha, zbog ¢ega moze doéi do nejednolike
kvalitete MDF materijala u pojedinim elementima.
Plo¢e 7K+8K profilirane su pa nije bilo moguce ispita-
ti njihovu ¢vrstoéu raslojavanja u skladu s normira-
nom.

Savojna ¢vrstoca

Prema normama HRN EN 622-5, minimalna sa-
vojna ¢vrstoca MDF plo¢a za opéu uporabu u suhim
uvjetima za tip MDF iznosi 17 MPa, a za tip MDF.LA
ona je 21 MPa. Za MDF ploce vlaknatice namijenjene
uporabi u vlaznim uvjetima tip MDF.H propisana je
minimalna savojna ¢vrsto¢a 17 MPa, a za nosive MDF
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Slika 7. Graficki prikaz ¢vrstoce raslojavanja pojedinih elemenata od MDF ploca
Figure 7 Graphic presentation of tensile strength of individual MDF board elements
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Slika 8. Graficki prikaz savojne ¢vrstoce pojedinih elemenata od MDF ploca
Figure 8 Graphic presentation of bending strength of individual MDF board elements

ploce vlaknatice za uporabu u vlaznim uvjetima 21
MPa. Sve ispitane MDF ploc¢e zadovoljavaju zahtjeve
za tip MDF 1 MDF.H. Elementi MDF ploca s oznaka-
ma 1H, KD i 7K+8K ne zadovoljavaju zahtjeve MDF.
LA i MDF.HLS. Uzorci proizvoda¢a H sa skladista
dobavljac¢a (HA) osjetno su veée savojne ¢vrsto¢e od
elemenata istog proizvodaca u pogonu proizvodaca do-
vratnika (1H, 2H, 3H, 4H, 6H). Originalno vratno krilo
izradeno od MDF ploc¢e proizvodaca K ima vrlo nisku
savojnu ¢vrstocu od samo 18,05 MPa. U slozaju u po-
gonu proizvodaca dovratnika takoder su bile ploce
proizvodaca K (7K+8K) sli¢ne savojne ¢vrstoce (18,84
MPa), ali je eksperimentalni MDF element imao savoj-
nu ¢vrstocu ¢ak 36,50 MPa.

Modul elasti¢nosti savojne ¢vrstoce

Prema normama HRN EN 622-5, minimalni mo-
dul elasti¢nosti savojne ¢vrsto¢e MDF ploca za opéu
uporabu u suhim uvjetima za tip MDF jest 1 900 MPa,
a za tip MDF.LA iznosi 2 100 MPa. Za MDF ploce
vlaknatice namijenjene uporabi u vlaznim uvjetima
tipa MDF.H iznosi 2 200 MPa, a za nosive MDF ploce
vlaknatice za uporabu u vlaznim uvjetima propisan je
minimalni modul elasti¢nosti savojne ¢vrstoce 2 400
MPa. Od ispitanih MDF plo¢a one s oznakama HA,
1H, 2H, KD i 7K+8K ne zadovoljavaju uvjete ni jed-
nog tipa ploca. Eksperimentalni uzorci MDF elemena-
ta obaju proizvodaca (KE i HE) imaju najve¢i modul
elasti¢nosti savojne ¢vrstoce, vrijednosti su im gotovo
identi¢ne te zadovoljavaju zahtjeve svih tipova MDF
plo¢a. Uzorak 6H (proizvoda¢ H, nelakiran) takoder
zadovoljava zahtjeve za sve tipove MDF ploca. Uzorci
3H i 4H zadovoljavaju zahtjeve za tip MDF i MDF.LA,
a uzorak 5K zadovoljava zahtjeve tipa MDF. Zanimlji-
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vo je da uzorak originalnog MDF dovratnika ne zado-
voljava zahtjeve modula elasti¢nosti savojne ¢vrstoce
ni za jedan tip (sl. 9).

3.3. Koncentracija slobodnog formaldehida
3.3 Free formaldehyde concentration

Prema normama HRN EN 622-1, propisana je
maksimalno dopustena koncentracija slobodnog for-
maldehida MDF ploc¢a vlaknatica u iznosu od 9 mg
HCHO/100 g a.s.t. Testirani su eksperimentalni uzorci.
Vidljivo je da i MDF elementi proizvodaca H i MDF
elementi proizvodaca K imaju vrijednost koncentracije
slobodnog formaldehida osjetno nizu od maksimalno
dopustene (tabl. 2).

3.4. Otpornost na viagu
3.4 Moisture resistance

Prema HRN EN 622-5, suhim se postupkom proiz-
vode dva tipa MDF ploca za uporabu u suhim uvjetima
i dva tipa za uporabu u vlaznim uvjetima. Plo¢ama vlak-
naticama za opc¢u uporabu u vlaznim uvjetima (tip MDF.
H) i plo¢ama vlaknaticama, optereéenima, za uporabu u
vlaznim uvjetima (tip MDF.HLS) ispituje se otpornost
na vlagu testom kuhanja prema normama HRN EN
1087-1:1999. U postupku testiranja kuhanjem uzoraka
tijekom jednog sata doSlo je do potpune destrukcije
MDF uzoraka, te se moze konstatirati da testirane MDF
ploce nisu projektirane za uporabu u vlaznim uvjetima.

3.5. Struktura lakirane povrsine i povrsinske
pukotine
3.5 Lacquered surface structure and surface cracks
Eksperimentalni uzorci proizvoda¢a H
Na povrsinama eksperimentalnih uzoraka proizvo-
daca H tridesetak dana nakon lakiranja pojavile su se
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Slika 9. Graficki prikaz modula elasti¢nosti pojedinih elemenata od MDF ploca
Figure 9 Graphic presentation of modulus of elasticity of individual MDF board elements

uzduzne pukotine. Iz eksperimentalnih uzoraka iskroje-
ne su tanke letvice (debljine 5 mm). Potom je lakirana
povr§ina premazana 97%-postotnom sulfatnom kiseli-
nom H_SO, (1:1). Nakon polusatnog djelovanja sulfatne
kiseline nastala je destrukcija bijeloga poliuretanskog
dvokomponentnog polumat laka, koji je skinut s
povrsine, te je uslijedilo skidanje dvokomponentnoga
poliuretanskog bijelog temelja. Iako je ispod bijelog te-
melja trebao biti sloj dvokomponentnoga poliuretanskog
bezbojnog temelja, on nije uocen. Stoga bezbojni temelj
nije nanesen ili je nanesen u tako maloj koli¢ini da ga
nije bilo moguce uoditi. Potom se pojavila sumnja da
pukotine nisu nastale samo u lakirnom filmu, ve¢ da je
rije¢ o dubinskim pukotinama koje se protezu u struktu-
ru MDF ploce. Stoga je povrsina obradena jodom kon-
centracije c(’2 I,) = 1 mol/L. Nakon kraceg vremena
pukotine u MDF plo¢i bile su jasno vidljive (sl. 10).

Eksperimentalni uzorci proizvoda¢a K

Na povrSinama eksperimentalnih uzoraka K tri-
desetak dana nakon lakiranja nisu bile uocljive pukoti-
ne, osim jedne kratke pukotine. Isti postupak lakiranja
koji je primijenjen na eksperimentalnim uzorcima
proizvodaca H trebao je biti primijenjen i na eksperi-
mentalnim uzorcima proizvodaca K. No na tim je uzor-

cima uocen izraziti donji sloj dvokomponentnoga po-
liuretanskog bezbojnog temelja.

Dovratnik KD

Na bo¢nim povrSinama MDF ploca tridesetak
dana nakon $to su postavljene u stambeni objekt na
gradiliStu kao unutarnja sobna vrata, pojavile su se
brojne uzduzne pukotine. Analiza je provedena analo-
gno prethodnima, a pokazala je vrlo sli¢ne rezultate
kao i eksperimentalni uzorci proizvodaca H. Takoder
nije bilo moguce utvrditi nanosenje sloja dvokompo-
nentnoga poliuretanskog bezbojnog temelja. Pukotine
su takoder bile dubinske. Pazljivom analizom dovrat-
nika tanke MDF ploce takoder su uocene izrazite du-
binske pukotine u samom sredistu ploce (sl. 11).

Evidentno je da je za uspjesnu primjenu MDF
ploca u izradi lakiranih dovratnika nuzno upotrijebiti
MDF ploce visoke kvalitete te ih dobro zastititi radi
sprecavanja osjetnijih sorpcijskih procesa.

4. ZAKLJUCAK
4 CONCLUSION

U proizvodnji MDF ploca tijekom vruéeg presa-
nja stvara se temperaturni gradijent i gradijent sadrzaja
vode, $to uzrokuje zaostala naprezanja u plo¢i nakon

Tablica 2. Koncentracija slobodnog formaldehida pojedinih elemenata od MDF ploca
Table 2 Free formaldehyde concentration of individual MDF board elements

Svojstva materijala / Material characteristics Uzorak HA / HA sample | Uzorak KE / KE sample
debljina / thickness, mm 37,83 38,36
gustoca / density , g/lcm? 0,683 0,735
sadrzaj vode / water content , % 7,39 6,19
perforatorska spektrofotometrijska vrijednost 4,97 5,49
perforator spectrophotometric value, mg HCHO/100 g
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Slika 10. Izgled uzoraka eksperimentalnih MDF ploca
nakon premazivanja kiselinom i jodom

Figure 10 Layout of experimental samples of MDF boards
after treatment with acid and iodine

proizvodnje, a ona negativno utjeCu na dimenzijsku
stabilnost ploce.

MDF ploce najcesce se plasiraju na trziste bez pret-
hodno obavljenog kondicioniranja, pa zbog zaostalih
naprezanja dolazi do poveéanoga debljinskog bubrenja.

U procesu izrade dovratnika takoder se primje-
njuje postupak presanja tanke MDF ploce na povisenoj
temperaturi, pa se ponovno stvaraju zaostala napre-
zanja.

Dodatni je faktor nestabilnosti manja gustoca
srediSnjeg dijela ploce u odnosu prema plohama, zbog
¢ega pri nanosenju poliuretanskih prevlaka na povr$inu
MDF ploca rubovi upijaju vise laka nego plohe, a kroz
takve porozne rubove ulazi voda i uzrokuje bubrenje
ploce te dolazi do pukotina lakirnih prevlaka.

Osnovna pretpostavka za stabilnost lakirnih
povrsina jest MDF ploca koja udovoljava zahtjevima
HRN EN normi.

Eksperimentalne ploc¢e s oznakom KE, proizvo-
dac¢a MDF ploca K, jedine zadovoljavaju zahtjeve nor-
mi HRN EN 622-5 za plo¢e vlaknatice za op¢u upora-
bu u suhim uvjetima (tip MDF) i na njima se nisu
pojavile izrazitije pukotine.

Da bi se izbjegle pukotine lakirnih prevlaka, na
dovratnik se mora nanijeti optimalan sloj dvokompo-
nentnoga poliuretanskog bezbojnog temelja, dvokom-
ponentni poliuretanski bijeli temelj te poliurctanski
dvokomponentni polumat lak.

Nuzno je provesti potpunu zastitu dovratnika poliu-
retanskim filmovima, a ne samo na vidljivim stranicama,
kako bi se onemogucila sorpcija vodene pare i vlage.

S obzirom na zahtjevnost primjene MDF ploca
za dovratnike u graditeljstvu, nuzno je primijeniti nosi-
ve MDF ploce za uporabu u suhim uvjetima tipa MDF.
LA, a u uvjetima poviSene relativne vlage zraka po-
trebna je primjena ploca vlaknatica za opéu uporabu u

Slika 11. Pukotine u tankoj MDF plo¢i originalnog
dovratnika

Figure 11 Cracks in thin MDF board of the original door
frame
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vlaznim uvjetima tipa MDF.H ili nosivih ploca za upo-
rabu u vlaznim uvjetima tipa MDF.HLS.

Tanka MDF ploca, slijepljena s debelom MDF
plo¢om, takoder mora imati poveéanu otpornost na
vodu, odnosno to mora biti ploca vlaknatica iz skupine
HDF ploca.
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SAZETAK -« Povijest jedne od prvih i najutjecajnijih tvornica papira u Hrvatskoj pocinje industrijski davne
1821. godine u Rijeci. Uz odvazne investicije i pogonske modernizacije tvornica je rasla i stjecala ugled na eu-
ropskoj i svjetskoj razini. Zasluge za impozantne poslovne rezultate treba pripisati vizionarima, pocevsi od prvog
vlasnika Andrije Ljudevite Adamicha, preko iducih viasnika i upravitelja Charlesa te, kasnije Henryja Meyniera,
te, poglavito, Eugenea Frémonta. Razvoj tvornice odrazavao se i na razvoj gradova Susaka i Rijeke, poglavito u
smislu elektrifikacije, ali i Zivotnog standarda gradana. U najplodnijim razdobljima u tvornici je radilo vise od 1
000 radnika, a godisnji volumen proizvodnje premasivao je 8 000 tona. Vise puta tijekom 180-godisnjega radnog
vijeka tvornica je dozivjela havarije, od poplava do pozara, no posljednji gospodarski udar 2005. godine nije
uspjela prezivjeti.

Kljuéne rijeci: Rijecka tvornica papira, povijesni pregled, industrijska proizvodnja papira, inovacije i kapaciteti,
svjetski ugled

ABSTRACT ¢ The history of one of the first and most important paper-mills in Croatia begins in the industrially
distant year of 1821 in Rijeka. Thanks to courageous investments and propelling power modernizations, the factory
grew and gained reputation on the European and world scene. The credit for impressive business results goes to the
visionaries starting with the first owner Andrija Ljudevit Adamich, subsequent owners and managers Charles and
(later also) Henry Meynier, and especially Eugene Frémont. The development of the factory affected the development
of the cities of Susak and Rijeka, especially in terms of electrification, but also the living standard of the citizens. At
the peak of its production more than a thousand workers were employed in the factory, and the yearly output exceeded
8000 tonnes. The paper-mill experienced severe damages several times during its 180 years of working life, both
floods and fire, but the fatal shock that the factory could not survive was the economic one in 2005.

Key words: the Rijeka paper-mill, historical overview, industrial paper production, innovations and capacities,
world reputation

1. UVOD u Hrvatskoj zbog svoga idealnog zemljopisnog polozaja

1 INTRODUCTION i pristupa sjevernom Jadranu i Kvarnerskom zaljevu ra-

zvio u jednu od najveéih srednjoeuropskih luka i jako

Povijest jedne od prvih i najutjecajnijih industrija  industrijsko srediste. Rijeka je bila poznata i kao jedno

papira u Hrvatskoj pocinje davne 1821. godine u Rijeci,  od najvaznijih financijskih sredista tijekom svoje povije-

administrativnom sredi$tu Primorsko-goranske Zupanije  sti i upravo zbog brojnih prednosti koje je nudila bila je
i najvaznijoj hrvatskoj luci. Taj se tre¢i po veli€ini grad ~ pravi izbor za otvaranje tvornice papira (sl. 1).

! Autorice su magistrica graficke tehnologije i izvanredna profesorica Grafickog fakulteta Sveudilista u Zagrebu, Zagreb, Hrvatska.
! The authors are a master of science of graphic technology and an associate professor at the Faculty of Graphic Arts of the University of Za-
greb, Croatia.
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Slika 1. Grad Rijeka, 1850. g. (http://muzej-rijeka.hr, 2010)

Figure 1 The city of Rijeka, 1850 (http://muzej-rijeka.hr, 2010)

2. OSNUTAK TVORNICE PAPIRA RIJEKA
2 FOUNDING OF THE RIJEKA PAPER-MILL

Prvi koraci u pokretanju proizvodnje papira zbi-
vali su se u doba teskih politic¢kih, gospodarskih i soci-
jalnih kriza u Europi koje su grad dovele do potpunoga
gospodarskog osiromasenja. U svim tim teskim okol-
nostima nasao se ¢ovjek koji je imao dovoljno hrabro-
sti pokrenuti i iz siromastva stvoriti tvornicu koja se
uspjela uzdi¢i i zadrzati tijekom dugih 180 godina ne-
prekidne proizvodnje. Taj veliki korak uéinio je Andri-
ja Ljudevit Adamich, jedan od najistaknutijih i najsve-
stranijih rijeckih poduzetnika ¢ija je mreza poslovanja
sezala i do prekooceanskih zemalja (Afrike, Kube,

Slika 2. Andrija Ljudevit Adamich (http://muzej-rijeka.hr,
2010)

Figure 2 Andrija Ljudevit Adamich (http://muzej-rijeka.hr,
2010)
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Brazila itd.). Kao pocetak — datum rodenja tvornice u
Rijeci — zapisan je rujan 1821. (Lisac, 1961). Te je go-
dine A. Lj. Adamich kupio mlin na Luéicama, u dolini
Rjecine, i preuredio ga za proizvodnju papira (sl. 2), te
zaposlio 21 radnika.

Godine 1824. A. Lj. Adamich je zbog velike zau-
zetosti i drugih poslovnih prilika koje su mu se otvara-
le prodao mlin engleskom industrijalcu Williamu Mo-
lineu, izdanku ugledne obrtnicke obitelji. No nakon
samo tri godine Moline je prodao tvornicu engleskim
industrijalcima Charlesu Meynieru (sl. 3) i Walteru
Craftonu Smithu za 14 000 zlatnih franaka (Lisac,
1961). Novi su vlasnici od samog pocetka u tvornicu
ulagali znatan kapital osiguravajuéi tako njezin razvoj
i modernizaciju. Sva ta ulaganja i rad ostvaren u tvor-
nici nisu ostali bez rezultata. U Rijeci se proizvodio
papir koji je svojom kvalitetom odnosio pobjede na
najve¢im smotrama tog vremena u svijetu. Rijecki se
papir prodavao na svim kontinentima, u ukupno pede-
set zemalja svijeta.

Prvi tehnoloski ulog u tvornicu bio je Fourdrinie-
rov stroj za izradu papira, tzv. papir-stroj, najmoderniji
u tadasnjoj austrijskoj carevini, na kojemu se proizvo-
dila kontinuirana traka papira, u to vrijeme vrhunac
tehnoloskih dostignuéa u industriji papira. Danas se
pod tim nazivom misli na dio papir-stroja s ravnim du-
gim sitima na kojima se odvaja najveci dio vode od
celuloznih vlakana.

Pogonsku snagu tog stroja ¢inili su vodeni kotaci,
a potrebna se voda dovodila s obale Rjecine uz pomoé
drvenih vodova. Taj je sustav omogucivao stvaranje
energije od 300 konjskih snaga. U to vrijeme tvornica
je zaposljavala oko 250 radnika. Njezini su proizvodi
ponajprije bili namijenjeni izvozu, dok su se na doma-
¢em trzistu pojavili tek 1878. g. (Lisac, 1961).

Zbog velikog broja narudzbi i potrebe za §to ve-
¢om energijom, u tvornici je 1833. g. instaliran parni
stroj, prvi na jugoistoku Europe, a nedugo nakon toga
instaliran je 1 drugi Fourdrinierov papir-stroj. Prvu
sluzbenu potvrdu kvalitete svojih proizvoda tvornica je
dobila na Prvoj industrijskoj izlozbi odrzanoj u Becu
1835. g. dobivsi srebrnu medalju, prvo u nizu priznanja
koja su slijedila (sl. 3).
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Slika 3. Charles Meynier (http://muzej-rijeka.hr, 2010)
Figure 3 Charles Meynier (http://muzej-rijeka.hr, 2010)

3. USPON TVORNICE PAPIRA RIJEKA
3 THE RISE OF THE RIJEKA PAPER-MILL

U uzlaznoj putanji razvoja tvornici se 1838. g.
pridruzio Eugene Frémont, strucnjak, organizator i
predani tehnicki inovator iz Dreuxa u Francuskoj. Svo-
je znanje i sposobnosti pokazao je na mjestu tehni¢kog
ravnatelja i ponajprije njemu pripada zasluga za teh-
nicki napredak tvornice, na ¢ijem je vrhu kao ravnatelj
proveo punih ¢etrdeset i osam godina (http://muzej-ri-
jeka.hr, 2010). Usporedno s poslovanjem u Rijeci, pu-
tovao je u Francusku, gdje je znao provesti i godinu
dana kako bi u tamosnjim tvornicama papira proucio
najnovija tehnicka dostignuca na podru¢ju proizvodnje
papira te ih primijenio u rije¢koj tvornici. Godine 1841.
tvornici se pridruzila jo$ jedna osoba, koja ¢e dugo su-
djelovati u njezinu razvoju i ostaviti svoj trag. Bio je to
Henry Meynier, ne¢ak Charlesa Meyniera, koji ¢e ne-
prekidno djelovati u tvornici ¢ak 70 godina (sl. 4). Ti-
jekom njegova upravljanja tvornica je dozivjela brojne
uspone, ali i padove. Prvi takav pad dogodio se 11. li-
stopada 1852, kada je velika poplava, nastala izlijeva-
njem Rjecine iz korita, u potpunosti unistila tvornicu.
Skladista su bila poplavljena, a strojevi tesko osteceni.
Taj udarac ipak nije doveo do zatvaranja tvornice, veé
je, naprotiv, tvornica potpuno preuredena i modernizi-
rana (Lisac, 1961).

Krajnji rezultat te obnove bila je potpuno nova
tvornica, znatno veéeg kapaciteta od prethodne. Glavni
voditelj obnove bio je Frémont. Stari vodeni kotaci za-
mijenjeni su turbinama, pritok vode uraden je prema
novim i tehnoloski modernijim nacrtima, a drvenu bra-
nu zamijenila je betonska. Zbog potrebe dovoda vode
prokopano je brdo uz obalu Rjecine, pa se voda na tur-
bine dovodila kroz tunel. Bili su potrebni i novi parni
uredaji, ¢ime se ukupna pogonska snaga tvornice s pri-
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Slika 4. Henry Meynier (http://muzej-rijeka.hr, 2010)
Figure 4 Henry Meynier (http://muzej-rijeka.hr, 2010)

jasnjih 300 povecala na 600 konjskih snaga. U to vrije-
me pogoni tvornice zaposljavali su nevjerojatnih 600
radnika. Zahvaljujuéi pozitivnom poslovanju, tvornica
je othranjivala generacije radnika s podrucja Grobnika
i Trsata — u njoj bi radili otac, sin, unuk — i tako iz ge-
neracije u generaciju (http://muzej-rijeka.hr, 2010).
Potrebe proizvodnje zahtijevale su nabavu jos dva pa-
pir-stroja. Veliko gospodarsko znacenje tvornice za ta-
dasnju Hrvatsku naglasavali su i predstavnici hrvatsko-
ga narodnog preporoda i grof Janko Draskovi¢ (Lisac,
1961), koji je kasnije inicirao osnivanje zagrebacke
tvornice papira (Lozo, 2001).

Novi val unapredenja tvornice zabiljezen je 1872.
godine, jo$ uvijek pod uspjesnom upravom Eugenea
Frémonta. Tada je izgradena nova brana, a istodobno je
izgradnjom novog tunela pogonska vodena snaga do-
segla jac¢inu od 1200 konjskih snaga. Te iste godine
osnovana su zastupni$tva sa skladiStima svih vrsta pa-
pira u Becu i Budimpesti. Na taj nacin tvornica je mo-
gla uspjesno sudjelovati na javnim licitacijama za do-
bavu papira za drzavnu tiskaru (sl. 5). Godine 1867.
tvornica je dobila jos$ jedno tehnicko pojacanje — auto-
matizirani stroj za proizvodnju papira, koji je u tvorni-
cu dopremljen odmah nakon prezentacije na pariskoj
izlozbi.

Rijecka tvornica papira bila je poznata i po proi-
zvodnji cigaretnog papira, koji se prvi put poceo proi-
zvoditi 1890. g. Po proizvodnji cigaretnog papira bila
je na drugome mjestu u Europi. Te godine tvornica je
zaposljavala 629 radnika, koji su radili na pet strojeva
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Slika 5. Tvornica papira Rijeka, 1860. g. (www.klub-susacana.hr, 2010)
Figure 5 The Rijeka Paper-mill, 1860 (www.klub-susacana.hr, 2010)

za proizvodnju papira. Godine 1896. tvornica je proi-
zvodila ukupno oko 24 000 kvintala papira, $to znaci
oko 2 400 tona, od ¢ega za pisanje i crtanje 15 000,
omotnog 5 000, tiskovnog 2 000 i cigaretnog papira
2 000 kvintala (Lisac, 1961).

4. GOSPODARSKA KRIZA | PAD TVORNICE
4. ECONOMIC CRISIS AND DECLINE OF THE
FACTORY

Krajem osamdesetih godina 19. st. za rijecku
tvornicu papira pocinje razdoblje pada i stagnacije. Tu
je krizu uzrokovala zamjena sirovina za proizvodnju
papira — umjesto krpa, tj. tekstilnih otpadaka kao siro-
vine, kojih je bilo razmjerno sve manje, trazio se izlaz
u sirovini bogatoj vlaknima, i to onoj koje ima dovolj-
no u prirodi. Stoga su se pocela upotrebljavati drvna
celulozna vlakna (Golubovi¢, 1984). Problem je bio u
tome §to se vece kolicine te sirovine nisu mogle nabav-
ljati na domacem trzi§tu po povoljnim uvjetima, pa je
uvoz drva i preradene celuloze bio velik trosak. Visoke
cijene sirovina uvjetovale su znatno povecanje trosko-
va proizvodnje, §to je utjecalo na smanjenje profita.

0Od 1887.do 1911. g. tvornica je biljezila vise tes-
kih trenutaka. Pogone su zahvatila ¢ak cetiri pozara,
nakon kojih su slijedili skupi popravci i ulaganja u ob-
novu. Prvi pozar izbio je 1887. g., 1 u njemu je izgorio
dio tvornice zvan ,,Marganovo”. Drugi je pozar izbio
1903. g. i unistio zgradu koja je pripadala starom dijelu
tvornice. Tre¢i je pozar zahvatio odjel za krpe 1904. g.
1 potpuno ga unistio, a ista je sudbina taj odjel pogodila
i 1911. g. Osim pozara, tvornicu je 8. listopada 1898. g.
pogodila i druga poplava napravivsi veliku Stetu 1 uni-
Stivsi u cijelosti elektranu i nekoliko novih strojeva
koji su u pogon pusteni samo nekoliko dana prije toga
(http://muzej-rijeka.hr, 2010).

Pokazatelj krize je podatak da su tijekom 1901. g.
u pogonu radila samo tri papir-stroja, a smanjen je i
broj zaposlenih, najprije na 450 radnika, a vec sljedece
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Slika 6. Natpis i logo tvornice (http://muzej-rijeka.hr, 2010)
Figure 6 The factory lettering and logo
(http://muzej-rijeka.hr, 2010)

godine na samo 290. Sredinom lipnja 1903. g. vlasnik
trgovacke tvrtke Smith & Meynier Henry Meynier
zbog nemoguénosti osiguranja prijeko potrebnih finan-
cijskih sredstava pretvorio je tvornicu u obiteljsko dio-
nicko drustvo pod nazivom Smith & Meynier — prva
kraljevska povlastena rije¢ka tvornica papira (sl. 6).

Do 1906. g. jedini vlasnik poduzeca bila je obitelj
Meynier, ali nakon toga u poslovanje se sve vise uklju-
¢ivala Prva ugarska industrija papira d.d. Svoj utjecaj
novi su dioni¢ari pokazali odlukom da se od 1910. g.
proizvodnja usmjeri iskljucivo na proizvodnju cigaret-
nog papira. Nakon te odluke iz poduzeca su uklonjeni
svi strojevi koji su bili namijenjeni proizvodnji ostalih
vrsta papira, iako je potraznja za njima i dalje postojala
(Lozo, 2007).

5. RIJECKA TVORNICA PAPIRA TIJEKOM 20.
STOLJECA

5 THE RIJEKA PAPER-MILL DURING THE 20™
CENTURY

Raspadom Austro-Ugarske Monarhije prestaje
utjecaj madarskog kapitala koji je dotad bio zastupljen
u upravi tvornice. Godine 1922. sjediSte tvornice pre-
mjesteno je iz Rijeke u Zagreb jer se tvornica udruzila
s kompanijom ,,Jela — industrija papira”, no 1925. g. to
je partnerstvo raskinuto i tvornica je pala pod upravu
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Prve hrvatske Stedionice. Zbog potrebe veée ucinkovi-
tosti u vodenju tvornice, 1926. g. osnovan je Mjesni
odbor ravnateljskog vijeCa Smith i Meynier tvornice
papira na Susaku (Lozo, 2001). Na ¢elu tog odbora bio
je Milivoj Crnadak.

U tom razdoblju kompleks tvornice ¢inila su ¢e-
tiri glavna dijela:

1. odjel za krpe i sirovine (sl. 7),

2. stara tvornica — u kojoj se ponovno proizvodio
pisaci i tiskovni papir,

3. nova tvornica — u kojoj se proizvodio svileni i ciga-
retni papir (sl. 8),

4. Marganovo — gdje se proizvodio papir za pakiranje.

Cijeli kompleks sastojao se od 66 gradevina koje
su se prostirale na povrsini ve¢oj od 72 000 m?. Na tri
papir-stroja tvornica je proizvodila vise vrsta papira:
cigaretni papir, svileni papir, papir za kopiranje, biblij-
ski 1 oslojeni (premazani) papir itd. a godiSnja proi-
zvodnja iznosila je 1 200 tona.

Proizvodi su se izvozili po cijelom svijetu, no u
uvozu rijec¢kih papira prednjacili su SAD, Argentina,
Spanjolska, Rumunjska, Egipat i zemlje Dalekog isto-
ka. Prepoznatljivi simbol tvornice, koji postoji i danas,
bio je 83 metara visok dimnjak sagraden uz elektri¢nu
centralu. Ta je centrala osim tvornice dugi niz godina u
razdoblju prije Drugoga svjetskog rata elektri¢cnom
energijom opskrbljivala i grad Susak.

Jo§ 1910. g. uprava tvornice uvidjela je prednosti
proizvodnje cigaretnog papira i preorijentirala se prete-
zito na njegovu proizvodnju, te do 1939. g. 70 % uku-
pne proizvodnje otpada na taj papir. Ta preorijentacija
u proizvodnji dovela je do u¢lanjenja tvornice u Sindi-
kat tvornicara cigaretnog papira u Parizu. Oko 1940. g.
tvornica je ponovno radila svojim punim kapacitetom i

Slika 7. Krparnica (http://muzej-rijeka.hr, 2010)
Figure 7 Rags as raw material (http://muzej-rijeka.hr, 2010)
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Slika 8. Odjel cigaretnog papira (http://muzej-rijeka.hr,
2010)

Figure 8 Department of cigarette paper
(http://muzej-rijeka.hr, 2010)

raspolagala najsuvremenijim postrojenjem za proi-
zvodnju papira, a zaposljavala je 497 radnika (sl. 9). U
najkriti¢nijim trenucima prije kraja Drugoga svjetskog
rata, zahvaljujuéi organizaciji radnika, tvornicka su po-
strojenja u cijelosti satuvana od razaranja i unistenja.
Nakon oslobodenja Susaka od talijanske okupa-
cije 1. svibnja 1945. tvornicu je preuzela ,narodna
vlast™ te je presla u drzavno vlasnistvo. U to vrijeme
tvornica je ponovno proizvodila sve vrste papira, a
kvaliteta papira i opseg proizvodnje kontinuirano su
rasli, a s njima i broj radnika. Tako su 1950. proizvod-
nju od 3 500 tona papira godis$nje ostvarivala 634 rad-
nika. Povijesna je zanimljivost da je tvornica osniva-
njem Radni¢kog savjeta medu prvima, 31. sijecnja

Slika 9. Kemijski laboratorij (http://muzej-rijeka.hr, 2010)
Figure 9 Chemical laboratory (http://muzej-rijeka.hr, 2010)
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1950, u tadasnjoj FNRJ uvela model radni¢kog samou-
pravljanja.

Godine 1962. tvornica je ponovno modernizirana
i proizvodnja papira povecala se na 8 000 tona u godi-
ni. U sklopu tvornice osnovana je jedina tvornica para-
55 milijuna kutija u godini. Svoju uzlaznu putanju
tvornica je zadrzala sve do 1991. g., kada je bila na
drugome mjestu u Europi po koli¢ini proizvedenog ci-
garetnog papira, a u svjetskim razmjerima drzala je ¢ak
5 % ukupne koli¢ine proizvedenog papira te vrste
(http://muzej-rijeka.hr, 2010).

Na tom vrhuncu uspjesnosti u tvornici je radilo
cak 1 150 radnika, a 80 % ukupnih proizvoda izvozio
se (http://muzej-rijeka.hr, 2010).

Promjene u organizaciji vlasnic¢kih udjela, kao iu
trzisnom natjecanju 1990-ih godina, odrazile su se na
proizvodnju i poslovanje tvornice. Osim toga, ratna
dogadanja koja su zahvatila osamostaljenu Hrvatsku
dodatno su otezala poslovanje, zastoji u tehniCkom
transportu sirovina remetili su kontinuiranu proizvo-
dnju ali i isporuku, narucitelji su se poceli osipati i pro-
met se dramati¢nom brzinom smanjivao. Nakon teskih
ratnih 1 poratnih vremena tvornica papira izgubila je
gotovo sve svoje nekadasnje trziste, $to je konaéno
rezultiralo proglasenjem stecaja 2005. g. 1 zatvaranjem
te slavne tvornice. No objekti tvornice nisu potpuno
pali u zaborav. Objekt Marganovo preuzeo je grad
Rijeka i pod danasnjim nazivom Hartera preureden je
kao rekreacijski prostor za mlade.
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Oviastenje Sumarskog
fakulteta za obaviljanje
poslova ispitivanja i
ocjenjivanja sukladnosti
drvnih ploca za opéu

Uvod

Gotovo istodobno s izlaskom rada Uspostava i
razvoj hrvatskog sustava kontrole kvalitete drvnih
ploca utemeljenog na europskoj tehnickoj regulativi
(Jambrekovié i sur., 2011) iz tiska, u Narodnim novina-
ma br. 24/2011. objavljen je i Pravilnik o tehnickim
zahtjevima za drvne ploée za opcu uporabu. U radu je
dan pregled hrvatskog sustava od osamostaljenja Re-
publike Hrvatske te opisano razdoblje intenzivnog
razvoja sustava, razdoblje nestabilnosti sustava, u koje-
mu nije bila moguc¢a implementacija europske tehnicke
regulative, te u konacnici stanje sustava koji prakticki
vise nije postojao. Osnovni je problem bila zamjena
tehnickih pravila utemeljenih na normama bivse drzave
tehnickim propisima s implementiranim europskim
normama. U pokusSaju donosenja Tehnickog propisa za
drvne ploce, koji je iniciralo Ministarstvo regionalnog
razvoja, Sumarstvaivodnoga gospodarstva(MRRSVG),
viSe od godine dana nije postignut konsenzus, zbog
primjene drvnih ploéa i u podrucju opce uporabe i u
podrucju graditeljstva. Prognoze su bile da ¢e sustav
ostati tako nedefiniran sve do ulaska Republike Hrva-
tske u Europsku uniju, $to se prema optimisti¢nim pro-
gnozama moze ocekivati najranije krajem 2012. godi-
ne. Donosenjem Pravilnika o tehnickim zahtjevima za
drvne ploce za opcéu uporabu ucinjen je veliki korak
naprijed u zastiti domacih potrosaca drvnih ploca, no,
Sto je jos vaznije, i ostvarena pretpostavka za osigu-
ranje kvalitetnih materijala za proizvodace finalnih
proizvoda namijenjenih europskome i svjetskom tr-
zistu. DonoSenje Pravilnika takoder je veliki iskorak
Uprave za drvnu industriju, u sklopu Ministarstva re-
gionalnog razvoja, Sumarstva i vodnoga gospodarstva,
koja je pokazala da ima kriticnu masu kvalitetnih ka-
drova za implementaciju europske tehnicke regulative
te podrsku znanstveno-nastavnih, struénih i ostalih in-
stitucija u ustrojavanju jake baze mjerodavne za kom-
pletno podrucje drva i drvne tehnologije. Pravilnik je
takoder prvi tehnicki dokument u kojemu je priznat
ovlasteni inzZenjer drvne tehnologije, jer voditelj
ovlastenog laboratorija i njegov zamjenik moraju biti
ovlasteni inzenjeri drvne tehnologije u sklopu Hrva-
tske komore inZenjera Sumarstva i drvne tehnologije.
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Laboratorij za drvne ploc¢e

Sumarski fakultet u Zagrebu, u sklopu Zavoda za
tehnologije materijala, odnosno Laboratorija za drvne
ploce (LAP), prakticki jos od osamostaljenja Repu-
blike Hrvatske (RH) obavlja sustavnu kontrolu kvalite-
te drvnih plo¢a na hrvatskom trzistu te provodi imple-
mentaciju europske tehnicke regulative u podrucje
drvnih materijala i edukaciju.

Sumarski fakultet Sveu¢ilista u Zagrebu dobio je
do sada od Drzavnog zavoda za normizaciju i mjeritelj-
stvo (DZNM) tri rjeSenja o ovlastenju i dva rjeSenja
Ministarstva zastite okoliSa, prostornog uredenja i gra-
diteljstva. Rjesenja se odnose na certificiranje ploca
iverica za opc¢u uporabu i graditeljstvo prema Naredbi
o obveznom certificiranju ploc¢a iverica za op¢u upora-
bu i graditeljstvo iz 1983. g. Voditelj Laboratorija za
drvne ploce i stru¢na ovlastena osoba za certificiranje
ploca iverica od 1995. g. do 2001. godine bio je prof.
dr. sc. Vladimir Bruci.

Potom je do 2009. g. voditelj Laboratorija i
strucna ovlastena osoba bio izv. prof. dr. sc. Vladimir
Jambrekovi¢. Iste godine Laboratorij za drvne ploce
prestaje s certificiranjem ploc¢a iverica prema tehnickom
pravilu naslijedenome od bivse drzave i u sklopu Mini-
starstva regionalnog razvoja, Sumarstva i vodnoga
gospodarstva razvija tehnicki propis za drvne ploce s
implementiranim europskim normama koji treba za-

Uredaj za ispitivanje mehanickih svojstava drvnih ploca
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Perforatorski uredaj za ispitivanje slobodnog formaldehida
prema HRN EN 120

mijeniti potpuno neprihvatljivo tehnicko pravilo. U
poslovima certificiranja ploca iverica za op¢u uporabu
i graditeljstvo Sumarski fakultet je prvi i jedini ovlasteni
laboratorij u Republici Hrvatskoj. LAP je od 1996. g.
bio ovlasten za te poslove i odlukom Ministarstva go-
spodarstva za obavljanje poslova ispitivanja i izdavanja
uvjerenja o kvaliteti svih drvnih ploca.

Neovisno o ovlastenjima, Laboratorij za drvne
ploc¢e ve¢ je dvadesetak godina vodeci subjekt u RH u
poslovima ispitivanja drvnih ploca, izdavanja doku-
mentacije o svojstvima ploca, ekspertizama, edukacija-
ma, savjetodavnim aktivnostima te svim ostalim poslo-
vima vezanima za drvne ploce. LAP je od 2004. g. ¢lan
i osnivac udruge Hrvatski laboratoriji CROLAB, koja
je danas punopravni ¢lan udruge Europskih laborato-
rija EUROLAB-a.

Laboratorij ima pet ¢lanova koji u nastavnim,
znanstvenim 1 struénim aktivnostima potpuno pokri-
vaju cijelo podru¢je drvnih materijala, od masivnog
drva, kompozitnih materijala (usitnjeno drvo, uslojeno
drvo) pa sve do kemije drva i kemijskih komponenata
koje se primjenjuju u proizvodnji drvnih materijala. Tri
¢lana LAP-a ¢lanovi su Hrvatske komore inZenjera
Sumarstva i drvne tehnologije, a dva su ¢lanovi teh-
ni¢kog odbora TO 89 Furniri i drvne ploge. Cetiri su

Spektrofotometar za analizu slobodnog formaldehida
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Analiticki dio laboratorija

¢lana doktori iz podrucja drvnotehnoloskih procesa i
drvnih materijala, a jedan je magistar inzenjer drvne
tehnologije.

Ovlastenje Sumarskog fakulteta

Potpredsjednik Vlade Republike Hrvatske i mini-
star regionalnog razvoja, Sumarstva i vodnoga gospo-
darstva mr. sc. Bozidar Pankreti¢, rjeSenjem KLASA:
UP/1-310-01/11-01/1, URBROJ: 538-11-2/0278-11-6,
od 1. travnja 2011. g., ovlastio je SUMARSKI FAKUL-
TET za obavljanje poslova ispitivanja i ocjenjivanja
sukladnosti drvnih ploca za opc¢u uporabu. Rjesenje je
izdano na temelju ¢lanka 17. stavka 1. Zakona o teh-
nickim zahtjevima za proizvode i ocjenjivanje suklad-
nosti (NN 20/10) i ¢lanka 16. stavka 2. Pravilnika o
tehnickim zahtjevima za drvne ploce (NN 24/11). Ispi-
tivanje i ocjenjivanje sukladnosti obavljat ¢e se na
Drvnotehnoloskom odsjeku, Zavodu za tehnologije
materijala, Laboratoriju za drvne ploc¢e (LAP). Voditelj
Laboratorija za drvne ploce i stru¢na odgovorna osoba
za postupke ocjenjivanja sukladnosti jest izv. prof. dr.
sc. Vladimir Jambrekovi¢. Stupanjem na snagu Pravil-
nika o tehni¢kim zahtjevima za drvne plo¢e, Sumarski
fakultet je kao jedina institucija koja objedinjuje sve-
uciliSno obrazovanje, znanstvenoistrazivacki i struéni
rad te ima respektabilan tim eksperata za podrucje
kompozitnih materijala, ponovno prva i jedina ovlas-
tena institucija. Navedeno ¢e ovlastenje ¢e biti nedvoj-
beno velik korak prema uspostavi sustava kvalitete dr-
vnih ploca, koji je osnovna pretpostavka za proizvodnju
finalnih proizvoda sukladnih europskim tehnickim
nacelima.

Osnovni elementi Pravilnika o tehnickim
zahtjevima za drvne ploce (NN 24/11)

Ploc¢e mogu biti stavljene na trziste i/ili na raspo-
laganje samo ako ispunjavaju tehni¢ke zahtjeve propi-
sane Pravilnikom o tehnickim zahtjevima za drvne
ploce. Primjena tehnickih zahtjeva obuhvacenih Pravi-
Inikom i postupaka ocjenjivanja sukladnosti provodi se
radi sigurnosti, zastite zivota i zdravlja ljudi, domacih
zivotinja i biljaka, zastite okoliSa i prirode, zastite
potrosaca i drugih korisnika. Tehnicki zahtjevi za ploce
kojima se osigurava zatita zivota i zdravlja ljudi,
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domacih zivotinja i biljaka, zastita okoliSa i prirode te
zaStite potroSaca i drugih korisnika jesu fizikalni,
mehanicki i ekoloski zahtjevi.

Za sve se ploce ispitivanjem odreduju osnovna fi-
zikalna svojstva, a to su debljina, gustoca i sadrzaj vode.
Za sve ploce proizvedene primjenom karbamid-formal-
dehidnih i melamin-formaldehidnih smola ili njihovih
modifikacija obvezno je ispitivanje koncentracije slobo-
dnog formaldehida. Za ploce iverice, OSB plo¢e, MDF
ploce i ploce vlaknatice obvezno je ispitivanje savojne
¢vrstoce 1 modula elasti¢nosti savojne ¢vrstoce te vlaéne
Cvrstoce (Cvrstoce raslojavanja). Za uslojene ploce
obvezno je ispitivanje savojne Cvrstoce, modula
elastiCnosti savojne Cvrstoce te kvalitete slijepljenog
spoja. Za ploce iverice, OSB ploc¢e, MDF ploce i ploce
vlaknatice obvezno se ispituje bubrenje. Plo¢ama za
uporabu u vlaznim uvjetima obvezno se ispituje otpor-
nost na uvjete povisene relativne vlage. Plo¢ama za upo-
rabu u ekstremnim klimatskim uvjetima obvezno se
ispituje otpornost na ekstremne klimatske uvjete.

Proizvoda¢ mozZe na temelju pisanog ovlastenja
ovlastiti fizi¢ku ili pravnu osobu osnovanu u Republici
Hrvatskoj za svog ovlastenog zastupnika. Uvoznik je
obvezan na trziSte Republike Hrvatske pustati samo
plo¢e sukladne odredbama ovog Pravilnika. Prije pus-
tanja ploca na trziste, uvoznik mora biti siguran da je
proizvodac proveo odgovarajuéi postupak ocjenjivanja
sukladnosti, da je sastavio tehnicku dokumentaciju, te
da su ploce pracene propisanim dokumentima te da za-
dovoljavaju zahtjeve propisane Pravilnikom. Kad pusta
ploce na trziste, distributer mora strogo postovati pro-
pisane zahtjeve. Prije stavljanja plo¢a na trziste distri-
buter mora provjeriti jesu li ploce pracene propisanim
dokumentima, uputama i podacima o sigurnosti na hr-
vatskom jeziku i latiniénom pismu te da jesu proizvodac
i uvoznik zadovoljili zahtjeve Pravilnika.
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Ocjenjivanje sukladnosti plo¢a u smislu Pravil-
nika obuhvaca provedbu postupka ispitivanja ploca i
ocjenjivanja sukladnosti na na¢in da odgovaraju zahtje-
vima normi sadrzanih u popisu iz priloga Pravilnika, a
nakon provedbe poslova odredenih tim normama. Tije-
lo za ocjenjivanje sukladnosti plo¢a, ovlasteno za pro-
vedbu zadataka u smislu odredaba ovog Pravilnika,
provodi postupke ocjenjivanja sukladnosti na temelju
zahtjeva proizvodaca ili njegova ovlastenog zastup-
nika. Tijelo za ocjenjivanje sukladnosti i podnositelj
zahtjeva uredit ¢e pisanim ugovorom medusobna prava
i obveze u svezi s izdavanjem isprava o sukladnosti.

Proizvodac ili druga osoba koja stavlja plo¢e na
trziSte i/ili u uporabu prije njihova stavljanja na trziste
i/ili uporabu mora:

— osigurati provedbu postupaka ocjenjivanja sukladno-
sti ploca s propisanim tehni¢kim zahtjevima,

— osigurati izvjestaj o ispitivanju te potvrdu o suklad-
nosti ploca,

—izraditi 1 ¢uvati tehnicku dokumentaciju proizvoda u
propisanom opsegu, obliku i rokovima.

Potvrdu o sukladnosti izdaje ovlasteno tijelo za
ocjenjivanje sukladnosti na zahtjev proizvodaca ili nje-
gova ovlastenog zastupnika. Potvrdom o sukladnosti
potvrduje se da su provedene, odnosno da se u po-
stupku ocjenjivanja sukladnosti provode propisane ra-
dnje, da je u tom postupku potvrdena sukladnost ploca
s odgovaraju¢im tehnickim specifikacijama te da se
proizvod moze staviti na trziste i rabiti. Potvrda o suk-
ladnosti moze se izdati samo na temelju provedenih
ispitivanja i izdanog izvjestaja o ispitivanju.

Ovaj se Pravilnik kao tehnicki propis temelji na
primjeni 54 europske norme koje su kao uskladene
izvorne norme prihva¢ene u RH kao HRN EN norme.

izv. prof. dr. sc. Vladimir Jambrekovié
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Promocija strucnih
prvostupnika inzenjera
drvne tehnologije na
stru¢nom studiju Drvna
tehnologija v Virovitici

U Velikoj vijeénici Viroviticko-podravske Zupa-
nije u Virovitici 1. travnja 2011. Sveuciliste u Zagrebu,
Sumarski fakultet odrZao je sve¢anu promociju struénih
prvostupnika inZenjera drvne tehnologije koji su kao
prva generacija zavrsili struc¢ni studij Drvne tehnolo-
gije, koji se kao dislocirani studij odrzava u Virovitici.
To je ujedno bila i prva u povijesti sveCana promocija
pristupnika koji su stekli stupanj visokog obrazovanja
u gradu Virovitici.

Ideja o osnivanju stru¢nog studija Drvne tehnolo-
gije u Virovitici datira jos iz listopada 2001. g., kada su
uspostavljene prve veze izmedu Viroviticko-podravske
zupanije i Sumarskog fakulteta. Bilo je potrebno neko-
liko godina da se pronade model suosnivaca i nositelja
studija, a nekako je najrealnije bilo da to bude osjec¢ko
Sveuciliste Josipa Jurja Strossmayera.

Dana 4. ozujka 2004. odrzana je presudna sjedni-
ca Povjerenstva za osnivanje Visoke Skole za drvo i
drvno inzenjerstvo u Virovitici s tadasnjim zupanom
Viroviticko-podravske zupanije gospodinom Ivanom
Begovi¢em i predstavnikom Sumarskog fakulteta izv.
prof. dr. sc. Andrijom Bognerom, doc. dr. sc. Radova-
nom Despotom i dr. sc. Vladimirom Jambrekovic¢em.
Iskazano je povjerenje Sumarskom fakultetu te je
usuglaseno stajaliste da Sumarski fakultet samostalno
osnuje i vodi stru¢ni studij Drvne tehnologije, disloci-
rani studij u Virovitici, a da ¢e Viroviticko-podravska
Zupanija osigurati potreban prostor i opremu, kao i
nuzna financijska sredstva za realizaciju studija.

Odrzavanje strucnog studija Drvne tehnologije
kao dislociranog studija u Virovitici zapocelo je na
osnovi Sporazuma o suradnji potpisanog izmedu Mini-
starstva znanosti obrazovanja i Sporta, SveuciliSta u
Zagrebu, Sumarskog fakulteta u Zagrebu, Viroviti¢ko-
podravske Zzupanije, tvrtke TVIN d.o.0. Virovitica i Gi-
mnazije Petra Preradovica u Virovitici.

U Velikoj vijeénici Viroviticko-podravske Zupa-
nije 4. listopada 2005. prvi je put u Virovitici izvedena
studenska himna Gaudeamus igitur. Obracanjem deka-
na Sumarskog fakulteta Sveuéilista u Zagrebu prof. dr.
sc. dr. h. c. Mladena Stjepana Figuri¢a oznacen je po-
Cetak rada dislociranog studija Drvne tehnologije u Vi-
rovitici. Na svecCanosti su, osim 55 studenata, bili nazo-
&ni prodekanica Drvnotehnoloskog odsjeka Sumarskog
fakulteta i voditeljica stru¢nog studija Drvne tehnologije
izv. prof. dr. sc. Ruzica Beljo Luci¢, profesori Sumarskog
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fakulteta, saborski zastupnici Josip Paki¢ i Tomislav
Tomié, predsjednik Zupanijske skupitine dr. Stjepan
Feketi¢, zupan Viroviticko-podravske zupanije Zvoni-
mir Simi¢, gradona¢elnik Zvonko Koznjak, predsjedni-
ca Gradskog vije¢a Zeljka Grahovac i mnogi drugi.

Struéni studij razvijen je na temelju 60-godisnje
tradicije studija drvne tehnologije na Sumarskome
fakultetu Sveucilista u Zagrebu te anketa i konzultacija
s predstavnicima drvne industrije. Studij karakterizira
suvremeni nastavni program. Traje tri godine, Sest se-
mestara, ukupno iznosi 180 ECTS bodova. Struktura
studija obuhvaca 20 obveznih predmeta, Cetiri izborna
predmeta, stru¢nu praksu i zavr$ni rad. ZavrSetkom
studija stjece se akademski naziv struéni prvostupnik/
stru¢na prvostupnica inZenjer/inzenjerka drvne tehno-
logije. Studij daje visoko stru¢no obrazovanje stru¢nih
prvostupnika drvne tehnologije, te im omogucuje na-
stavak obrazovanja na diplomskim studijima Sumar-
skog fakulteta u Zagrebu, Drvnotehnoloskog odsjeka.
Ovo je prva generacija pristupnika koja je primila
sviedodzbe i dopunske isprave sukladne europskim
ispravama. Dopunske isprave su dokumenti koji daju
potpunu sliku o studiju i o svakom pristupniku.

Svecanu promociju 23 stru¢na prvostupnika oba-
vio je dekan Sumarskog fakulteta u Zagrebu prof. dr.
sc. Milan Orsani¢, uz asistenciju promotora, prodekana
Drvnotehnoloskog odsjeka izv. prof. dr. sc. Vladimira
Jambrekovica.

Svec¢anom ¢inu bili su nazo¢ni Zupan Viroviticko-
podravske zupanije Tomislav Tolusi¢, saborski zastup-
nik i predsjednik HVIDRA-e Republike Hrvatske Josip
baki¢, gradonacelnik Grada Virovitice Ivica Kirin,
predsjednik Hrvatske gospodarske komore Zupanijske
komore Virovitica i direktor drvnoindustrijske tvrtke
TVIN d.o.0. Ivan Slami¢, prodekan Sumarskog odsjeka
prof. dr. sc. Josip Margaleti¢, prodekan za znanstveno-
istrazivacki rad doc. dr. sc. Goran Mihulja, voditeljica
stru¢nog studija Drvna tehnologija u Virovitici za prvu
generaciju studenata prof. dr. sc. Ruzica Beljo Luci¢,
zamjenica predsjednika Skupstine Viroviticko-podra-
vske zupanije Sanja Kirin, dekanica Visoke skole za
menadzment u turizmu i informatici u Virovitici mr. sc.
Vesna Bedekovié, predstavnici gradova 1 opéina s pod-
ruéja Viroviticko-podravske Zupanije, profesori i asi-
stenti Sumarskog fakulteta u Zagrebu, roditelji, rodbi-
na, ¢lanovi obitelji i prijatelji.
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Pristupnici svecane promocije prve generacije polaznika
strucnog studija Drvne tehnologije u Virovitici

Na promociji struénih prvostupnika inzenjera dr-
vne tehnologije u Virovitici nazo¢nima su se obratili
gradonacelnik Ivica Kirin, predsjednik HGK ZK Viro-
vitica i direktor TVIN-a Ivan Slamié¢, zupan Tomislav
Tolusi¢, saborski zastupnik i predsjednik HVIDRA-e
RH Josip Paki¢ i dekan Sumarskog fakulteta u Zagre-
bu prof. dr. sc. Milan Or$ani¢. Svi su oni svojim govo-
rima, uz Cestitke prvostupnicima, naglasili vaznost
ulaganja u visoko obrazovanje na podrucju Virovi-
ticko-podravske zupanije.

Gradonacelnik Virovitice Ivica Kirin naglasio je
da je ovo prvi studij koji je ikada u povijesti osnovan i
izvoden u gradu Virovitici. S obzirom na udio visokoo-
brazovanih osoba u Viroviticko-podravskoj zupaniji,
osnivanje tog studija i promocija prvih prvostupnika
inzenjera drvne tehnologije jedan je od najvaznijih
dogadaja u povijesti grada Virovitice i najljepsi poklon
za njegov 777. rodendan.

Zupan Tomislav Tolusi¢ istaknuo je da je toliko
ganut ovim trenutkom da cak osjeca laganu tremu
tijekom svoga govora, iako su mu govori svakodnevni-
ca. Naglasio je iznimno znacenje visokog obrazovanja
za Viroviticko-podravsku zupaniju, ¢ija je kruna je
upravo ova svecana promocija prvih stru¢nih provo-
stupnika inzenjera drvne tehnologije. Takoder je istak-
nuo da se suradnja na tom iznimno vaznom projektu
mora nastaviti upisivanjem nove generacije studenata,
te da ¢e nastavku tog projekta dati punu potporu.

Voditeljica strucnog studija
Drvne tehnologije za prvu
generaciju studenata
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Zupan Viroviticko-podravske Zupanije
gospodin Tomislav Tolusi¢

Saborski zastupnik Josip Paki¢ takoder je istak-
nuo iznimno znacenje stru¢nog studija Drvne tehnolo-
gije za razvoj drvnoindustrijskog kompleksa, koji je
vrlo vazan za Viroviticko-podravsku Zzupaniju, ali i za
velike tvrtke susjednih Zupanija.

Direktor tvrtke TVIN d.o.0. Ivan Slami¢ osobito
je naglasio znacaj tehnologa u vodenju i razvoju drv-
noindustrijskih procesa, rekavsi kako struka ne moze
bez inzenjera, uz izrazitu potporu visokom obrazo-
vanju, bez kojega nema kvalitetnog rada. Takoder je
istaknuo da stru¢ni prvostupnici inzenjeri drvne tehno-
logije moraju biti spremni za izazove koje im
omogucuje, ali ih na to i obvezuje, njihov novi status
akademskih gradana. Moraju biti spremni prihvatiti
upravljacka mjesta, na kojima ¢e ¢esto dolaziti u rasko-
rak s obzirom na emocije i interes odrzanja i razvoja
proizvodnje te osiguranja egzistencije.

Dekan Sumarskog fakulteta prof. dr. sc. Milan
Orsani¢ u svom je govoru zahvalio svima koji su pre-
poznali vaznost ovog studija i dali mu potporu, uz po-
sebno isticanje direktora Ivana Slamica, koji je uvijek
bio uz struku i visoko obrazovanje. Naglasio je povije-
sno znagenje Sumarskog fakulteta tijekom 113 godina
nastavnih aktivnosti u obrazovnom procesu, te istak-
nuo da je to jedan od najstarijih fakulteta na Sveucilistu
u Zagrebu. Poseban ponos svakog inZenjera promovi-
ranoga u Virovitici bit ¢e to da je zavrsio visoko obra-
zovanje na Sveucili§tu u Zagrebu. Dvadeset prvo sto-
ljece bit e stoljece znanja i zato se sve nade i ocekivanja
okrecu prema visokoobrazovanim stru¢njacima, ¢iji
talenti, entuzijazam i spremnost za pozrtvovan rad tre-
baju biti jamstvo daljnjeg uspjeha u struci. Na kraju je
dekan izrazio veliko zadovoljstvo $to mu je pripala ¢ast
da upravo on u ime Sumarskog fakulteta Sveuéilista u
Zagrebu moze promovirati struéne prvostupnike i
pozeljeti im uspjeh u daljnjem Zivotu i radu.

Sama promocija protekla je u iznimno sve¢anom
tonu, u emocijama nabijenom ozracju, kojemu je pose-
ban doprinos dalo umjetnicko djelo u drvu s povije-
snim hrvatskim grbom na gotovo cijelom glavnom
zidu dvorane.

U ime promoviranih pristupnika dekanu, prodeka-
nima i ostalim profesorima zahvalio se promovirani pr-
vostupnik Darko Glumac. Prisjetio se prvih koraka na
studiju, vrlo napornog praéenja programa studija, uz

Gradonacelnik Virovitice gospodin
Ivica Kirin
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Saborski zastupnik gospodin
Josip Pakié

svakodnevni rad u tvrtkama i obiteljske obveze. Istak-
nuo je ponos sto su opravdali ste¢eno povjerenje i zahva-
lio profesorima koji su im prenosili svoja znanja, a pose-
bice mentorima koji nisu zalili truda ni vremena kako bi
ih uputili u tajne strucnog rada. Zahvalio je dekanu na
lijepim rijecima, koje ¢e uvijek pamtiti.

Potom je otpjevana studentska himna Gaudeau-
mus igitur, nakon ¢ega su svecane kape upravo promo-
viranih stru¢nih prvostupnika inZenjera drvne tehnolo-
gije poletjele u zrak, ¢ime je na jedinstven nacin
oznacen zavrsetak svecane promocije.

Nakon zavrsetka svecane promocije promovirani
stru¢ni prvostupnici inzenjeri drvne tehnologije ponov-
no su stali na isto stubiste na kojemu su stajali i u trenu-
cima svecanog prijema studenata polaznika stru¢nog
studija Drvne tehnologije u Virovitici. No, sada kao aka-
demski gradani, spremni na pracenje izazova suvremene
tehnologije i odlucni nastaviti svoju misiju u primjeni
ste¢enih znanja u drvnoindustrijski razvoj.

Na svecanoj promociji promovirani su ovi strucni
prvostupnici inzenjeri drvne tehnologije:

Marijo Dolezaj, Darko Glumac, Mario Hajduko-
vi¢, Dalibor Horvat, Goran Horvat, Davor Jug, Josip
Kalenik, Boris Kolakovi¢, Vjeran Komar, Zeljko Kovac,
Ivana Kraljevi¢, Jelena Miladinov, Miroslav Moslavac,

Dekan Sumarskog fakulteta
prof. dr. sc. Milan Orsanié

Direktor tvrtke TVIN d.o.o. gospodin
Ivan Slamié¢

Svecana dodjela svjedodzbi i dopunskih isprava

Nevena Pavlekovi¢, Anita Rajnovié, Ivan Ribi¢, Sascha-
Mario Sai¢, Mirela Srnec, Igor Starcevi¢, Marijana
Spondreht, Denis Validzi¢, Zeljko Vuga, Mario Ziljak.
Njihova imena postala su i ostat ¢e dio svijetle
povijesti Viroviti¢ko-podravske zupanije i grada Viro-
vitice, jer su to prvi visokoobrazovani kadrovi koji su
svoje zvanje stekli u Virovitici i koji su oznaéili pocetak
visokoskolskog obrazovanja u tom gradu.

izv. prof. dr. sc. Vladimir Jambrekovié¢

Strucni prvostupnici inZenjeri drvne tehnologije
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ANDREJA PIRC OBRANILA
DOKTORSKI RAD

Andreja Pirc, dipl. ing., obranila je 6. svibnja 2011.
godine na Sumarskom fakultetu Sveugilista u Zagrebu
doktorsku disertaciju Utjecaj inovativnosti na konku-
rentnost tvrtki u industriji namjestaja pred povjerenst-
vom u sastavu: prof. dr. sc. Denis Jela¢i¢ (Sumarski fa-
kultet Sveucilista u Zagrebu), izv. prof. dr. sc. Darko
Motik (Sumarski fakultet Sveucilista u Zagrebu) i izv.
prof. dr. sc. Leon Oblak (Biotehniska fakulteta, Univerza
v Ljubljani) te stekla akademski stupanj doktora znanosti
s podrucja biotehnickih znanosti, znanstvenog polja drv-
na tehnologija, znanstvene grane organizacija proizvod-
nje. Mentor rada bio je izv. prof. dr. sc. Darko Motik.

PODACI IZ ZIVOTOPISA

Andreja Pirc rodena je 3. sije¢nja 1983. godine u
Bjelovaru, u Bjelovarsko-bilogorskoj zupaniji. Osnov-
nu Skolu te gimnaziju opéeg smjera pohadala je i
zavrsila takoder u Bjelovaru. Godine 2001. upisala je
studij na Drvno-tehnoloskom odsjeku Sumarskog
fakulteta Sveucilista u Zagrebu, koji je zavrsila di-
plomskim radom Utjecaj izlaganja drva vremenskim
uvjetima na adheziju laka iz predmeta PovrSinska
obrada drva na Zavodu za namjestaj i drvne proizvode
pod mentorstvom prof. dr. sc. Vlatke Jirous-Rajkovi¢ u
studenom 2005. godine.

U veljaci 2006. zaposlila se u obiteljskom obrtu za
proizvodnju namjestaja, u Stolariji Pirc u Predavcu (ne-
daleko od Bjelovara), gdje je kao tehnologinja u pripre-
mi proizvodnje te u ostalim poslovima sudjelovala i ra-
dila do lipnja 2006. godine. U lipnju 2006. godine
zaposlila se u tvrtki AAG Dizajn Centar u Zagrebu gdje
je kao jedan od tehnologa sudjelovala u izradi kon-
strukcijskih nacrta i u pripremi aktivnosti koje se odnose
na proizvodnju namjestaja i opremanje poslovnih i pri-
vatnih prostora. U toj je tvrtki radila do 1. prosinca 2006.
godine. Od 1. prosinca 2006. do danas zaposlena je na
radnome mjestu znanstvene novakinje, u suradnickom
zvanju asistentice na Zavodu za organizaciju proizvo-
dnje Sumarskog fakulteta Sveuilista u Zagrebu.

Od trenutka zaposljavanja radila je kao suradnica
na znanstvenom projektu Ministarstva znanosti, obra-
zovanja i $porta pod brojem 68136 — Modeli gospodar-
skograzvojaprerade drvaiodrzivog razvojasumarstva,
voditelja prof. dr. sc. h. c. Mladena Stjepana Figurica,
a od 1. ozujka 2008. radi kao suradnica na znanstve-
nom projektu Ministarstva znanosti obrazovanja i
Sporta 068-0683446-3512 - Modeli poveéanja konku-
rentnosti u izvozu finalnih proizvoda od drva, voditelja
izv. prof. dr. sc. Darka Motika. Zaposlivii se na Sumar-
skom fakultetu, 2007. godine upisala je poslijedi-
plomski znanstveni doktorski studij Drvno-tehnoloski
procesi. Senat Sveucilista u Zagrebu na svojoj 12. sje-
dnici, odrzanoj 9. lipnja 2009. godine, odobrio je po-
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kretanje postupka stjecanja doktora znanosti u sklopu
doktorskog studija, i to s temom Utjecaj inovativnosti
na konkurentnost tvrtki u industriji namjestaja.

Nastavni rad zapocinje na predmetima Trgovina
drvom 1 drvnim proizvodima, Osnove ekonomike
proizvodnje te Ekonomska politika i drvno gospodar-
stvo, a promjenom nastavnog programa radi u nastavi
predmeta Trgovina drvnom i drvnim proizvodima, Pla-
niranje 1 obraCun proizvodnje, Sustavi informacija na
trzistu drvnih proizvoda te Medunarodno trziste drvnih
proizvoda.

Sudjelovala je i sudjeluje u izradi vise diplomskih
i zavr$nih radova s podruéja trgovine drvom, marketin-
ga te ekonomike i planiranja proizvodnje.

U sklopu sudjelovanja i ¢lanstva u Akceiji ES1
COST pod nazivom Integrating Innovation and Deve-
lopment Policies for the Forest Sector provela je tri tje-
dna (od 13. ozujka do 3. travnja 2009) na struénom i
znanstvenom usavr$avanju s podruéja trgovine i eko-
nomike na institutu za drvo i proizvode od drva METLA
u Finskoj (Vantaa-Helsinki i Joensuu). Iste godine,
2009, kao stipendistica Nacionalne zaklade za znanost
i zaklade Jedinstvo uz pomo¢ znanja, od 10. rujna do
15. prosinca provela je na znanstvenome i stru¢nom
usavrSavanju na Lousiniana State University Agricul-
tural Cneter, Lousiana Forest Products Development
Center, School of Renewabel Natural Resources u
Louisiani u SAD-u. Tijekom boravka u toj instituciji
pod vodstvom profesora Richarda Vlisokya provela je
istrazivanje vezano za inovacije proizvoda, procesa i
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poslovanja tvrtki u industriji namjestaja SAD-a pod
naslovom Innovation in the U.S. furniture industry.

Aktivno sudjeluje na domaéim i medunarodnim
znanstvenim i struénim skupovima i konferencijama.
U suautorstvu je objavila 7 A1, 1 A2 i 12 A3 znanstve-
nih radova te dvije struéne knjige s podruéja trgovine i
marketinga u preradi drva i porizvodnji namjestaja.

U govoru i pismu aktivno se sluzi engleskim je-
zikom.

PRIKAZ DISERTACIJE
Disertacija Andreje Pirc, dipl. ing. pod naslovom
Utjecaj inovativnosti na konkurentnost u industriji
namjestaja sastoji se od 169 + XIV stranica i 17 strani-
ca priloga. Disertacija sadrzava 39 slika, 40 tablica i
246 navoda citirane literature.
Disertacija ima ovakvu strukturu:
Uvod (4 str.),
Dosadasnje spoznaje (41 str.),
Materijal 1 metode rada (8 str.),
Rezultati (80 str.),
Rasprava (12 str.),
Zakljuccei (3 str.),
Literatura (16 str.),
Popis slika,
Popis tablica,
Prilozi.

1. Uvod

Uvod je podijeljen na tri potpoglavlja (Uvod,
Problematika istraZivanja, Ciljevi istraZivanja 1 hipo-
teze). U Uvodu su predstavljeni osnovni pojmovi veza-
ni za inovativnost i inovacije. Opisana je veza inovati-
vnosti i proizvodnje namjestaja te dana osnovna veza
izmedu inovativnosti i konkurentnosti u drvopreradi-
vackoj industrijskoj grani. U Problematici istrazivanja
pobliZe je obradeno stanje proizvodnje namjestaja u
Hrvatskoj s obzirom na konkurentnost te na uvodenje i
koristenje inovacijskih rjeSenja u poduzec¢ima za proiz-
vodnju namjestaja. U Ciljevima istraZivanja i hipote-
zama predstavljena su Cetiri osnovna cilja disertacije i
postavljene dvije hipoteze koje je autorica u radu
pokusala potvrditi.

Nk Wb =

2. Dosadasnje spoznaje

U poglavlju Dosadasnje spoznaje, podijeljenome
u Cetiri potpoglavlja - Industrija namjestaja Republike
Hrvatske, Inovacije i inovativnost, Inovativnost i kon-
kurentnost, Inovativnosti i inovacije u tradicionalnoj
(Low-medium-tech) industriji, predstavljeno je trenu-
tacno stanje i polozaj proizvodnje namjestaja s obzirom
na ekonomske pokazatelje te na konkurentske prednosti
hrvatske proizvodnje namjestaja u odnosu prema konku-
renciji u zemlji i inozemstvu. Vrlo su detaljno i iscrpno
predstavljene dosadasnje spoznaje vezane za inovacije,
inovativnost, njihovu povezanost s parametrima konku-
rentnosti i tehnologijom koje su uocene u proucenoj i
citiranoj literaturi mnogih domacih, a poglavito stranih
autora. Posebice se isti¢u poveznice inovacija i inovativ-
nosti s pojedinim parametrima konkurentnosti i tradicio-
nalnom tehnologijom koja prevladava u pogonima za
proizvodnju namjestaja u Republici Hrvatskoj.
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3. Materijal i metode rada

U tom poglavlju, podijeljenome u pet potpogla-
vlja (Priprema uzoraka ispitanika, Metoda prikupljanja
podataka, Definiranje varijabli, Odaziv ispitanika i de-
mografija ispitanika, Obrada i analiza podataka),
objasnjen je razlog zbog kojega su uzeti u obzir ispita-
nici iz Nacionalne klasifikacije djelatnosti C.31, kako
je pripremljen anketni upitnik i koje su skupine pitanja
u njemu sadrzane, koje su varijable izabrane i zasto,
kako bi se na temelju tih varijabli napravile matrice od-
nosa i ocijenila inovativnost i konkurentnost pojedinih
objekata istrazivanja. Na temelju prikupljenih anketnih
upitnika odredena je demografija ispitanika i usposta-
vljen odnos odgovora na anketni upitnik. Na temelju
broja i odnosa prikupljenih anketnih upitnika odredene
su statistiCke metode koje su primjenjene u radu (t-test,
jednosmjerna analiza varijance, linearna korelacijska
analiza, multipla regresijska analiza, klaster analiza).

4. Rezultati

Poglavlje Rezultati podijeljeno je u Sest potpo-
glavlja. U potpoglavlju Znacajke tvrtki za proizvodnju
namjestaja navedene su vaznije odrednice poduzeca
koja su odgovorila na anketu, njihovi op¢i podaci po-
put veli¢ine i ekonomskih pokazatelja, proizvodne i
tehnoloske odrednice poput starosti tehnologije i
proizvodnog procesa te marketinska i trziSna obiljezja
pojedinog poduzeca. Potpoglavlje Preduvjeti tvrtke za
uvodenje inovacija i za razvoj inovativnosti obraduje
rezultate koji su dobiveni nakon analize vezano za ak-
tivnosti poduze¢a u odnosu prema inovacijama
proizvoda, inovacijama proizvodnog procesa i inova-
cijama poslovnog procesa. U tre¢em potpoglavlju pre-
dstavljeni su elementi konkurentnosti poput ukupnih
troskova, investicija i udjela izvoza u ukupnom priho-
du poduzec¢a. U poglavlju Inovacije proizvoda, inova-
cije procesa i inovacije poslovanja prikazani su rezul-
tati predoceni u matricama koje u odredene odnose
stavljaju tri podrucja inovacija i unutarnje ¢imbenike
poduzeca (poput prihoda, broja zaposlenih, tipova
proizvodnje, upotrebe informacijske tehnologije), od-
nosno inovacije i vanjske ¢imbenike poduzeca (poput
broj dobavljaca, njihovih karakteristika i odnosa s
kupcima). U petom potpoglavlju prikazani su utjecaji
inovacija proizvoda, inovacija procesa i inovacija po-
slovanja na konkurentnost poduzeca, pri ¢emu su
prikazane matrice odnosa izmedu vrste inovacije i mje-
ra konkurentnosti poduzeca (troskova i investicija). U
Sestom potpoglavlju dana je dvostruka klaster analiza
proizvodaca namjestaja gdje su odredeni unutarnji i
vanjski ¢imbenici kao varijable klaster analize. Dobi-
vena su tri klastera proizvodaca namjestaja — male tra-
dicionalne tvrtke, inovativne tvrtke i veliki proizvodaci
namjestaja. Uspostavljene su matrice odnosa inovacija
proizvoda, procesa i poslovanja s pojedinim klasteri-
ma, odnosno matrice odnosa mjera konkurentnosti s
pojedinim klasterima.

5. Rasprava

U Sest potpoglavlja dana je detaljna, iscrpna i znan-
stvenim ¢injenicama utemeljena rasprava o rezultatima
predocenima u prethodnom poglavlju. Provedena je ra-

DRVNA INDUSTRIJA 62 (2) 159-161 (2011)



Ceeeesssssssesessssssccesssssssssssssssssesssssss ZNanstveniciinjihove karijere

sprava o obiljezjima hrvatskih tvrtki za proizvodnju
namjestaja, njthovim mogucnostima za razvoj i uvodenje
inovacija proizvoda, procesa ili poslovanja te predsta-
vljen utjecaj unutarnjih, kao i vanjskih ¢imbenika na
inovacije. Dana je osnova za odredivanje utjecaja $to ga
imaju inovacije proizvoda i procesa proizvodnje ili ino-
vacije u podru¢ju poslovanja poduzeéa na konkurentnost
poduzeca na trzistu. Obradene su pojedine odrednice
poduzeca za proizvodnju namjestaja, preduvjeti Sto ih
hrvatske tvrtke imaju za uvodenje inovacija, troskovi i
investicije kao mjere konkurentnosti u hrvatskim tvrtka-
ma, unutarnji i vanjski ¢imbenici koji utjecu na inovati-
vnost poduzeca odnos inovacija i konkurentnosti podu-
zeca, te odnosi inovacija i klasterske podjele proizvodaca
namjestaja u Republici Hrvatskoj.

6. Zakljucci

Osnovni su zaklju¢ci doneseni na temelju iscrpne i
znanstveno utemeljene analize prikupljenih podataka. U
tom je poglavlju djelomi¢no prihvacena hipoteza H1,
prema kojoj neki unutarnji i vanjski Cinitelji utjecu na
inovativnost poduzeéa u podrucju inovacija proizvoda,
procesa ili poslovanja. To su prihodi tvrtke, udio prihoda
ostvaren prodajom poboljSanih ili novih proizvoda,
povecanje broja zaposlenih u tri godine, dobna struktura
uposlenika, tip proizvodnje, starost strojeva, uporaba
CNC strojeva i informaticke tehnologije, koristenje
CAD programa i interneta, broj dobavljaca i njihove ka-
rakteristike te suradnja s kupcima pri dizajniranju novih
i poboljSanju postojec¢ih proizvoda. Jednako tako,
djelomicno je potvrdena hipoteza H2, prema kojoj poje-
dini tipovi inovacija utjeCu na mjere konkurentnosti
poduzeca. To su utjecaj inovacija proizvoda na ukupne
troskove, odnosno utjecaj inovacija procesa na ukupne
troskove i vrijednosti investicija. Radom je utvrden niz
matrica mogucih utjecaja pojedinih Cinitelja tvrtki na
inovacije proizvoda, inovacije procesa i inovacije poslo-
vanja te utvrden njihov utjecaj na konkurentnost tvrtki u
industriji namjestaja, $to ¢e tvrtkama te industrijske gra-
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ne omoguditi da definiraju svoj polozaj na podrucju ino-
vativnosti i razvoja inovacija, ali i da utvrde smjernice
buducih aktivnosti u podru¢ju inovacija proizvoda, ino-
vacijaprocesailiinovacijaposlovanja, s ciljem povecanja
svoje konkurentnosti.

OCJENA DOKTORSKE DISERTACIJE

U radu je istrazivana inovativnost hrvatskih podu-
zeca za proizvodnju namjestaja kao osnova konurent-
nosti na svjetskome i europskom trzistu. Tijekom
istrazivanja u trajanju poslijediplomskog doktorskog
studija i tijekom svoga studijskog boravka u inozem-
stvu (SAD) pristupnica Andreja Pirc, dipl. ing., te-
meljitim je proucavanjem literature dosla do spoznaja
koje su joj pomogle u istrazivanju i izradi matrica i mo-
dela za odredivanje stupnja inovativnosti pojedinog
poduzeca. U istrazivanje je ukljucila velik broj domaéih
poduzeca za proizvodnju namjestaja. Metode kojima
se pritom koristila u potpunosti zadovoljavaju potrebe
istrazivanja i disertacije. Sustavnom analizom dosla je
do kombinacije razli¢itih ¢imbenika koje je pojedinim
kvalitetno odabranim statistiCkim metodama svrstala u
razli¢ite matrice, uz pomoc¢ kojih je moguce kvalitetno
i sustavno ocijeniti razinu inovativnosti pojedinog
poduzeca za proizvodnju namjestaja. Rezultati dobive-
ni istrazivanjem upucuju na raznolikost razine inovati-
vnosti u pojedinim poduzeéima, ovisno o mnogim
¢imbenicima poput ekonomskih pokazatelja, razine
tehnoloske opremljenosti, veliCine 1 starosti poduzeca
itd. Zakljucci su znanstveno, ispravno i logicki inter-
pretirani na temelju dobivenih rezultata, a odnosi
¢imbenika koji utjeCu na inovativnost i koji su svrstani
u pojedine matrice odnosa daju nov pristup rjeSavanju
problema i kvalitetan znanstveni doprinos istrazivanju
inovativnosti na podru¢ju proizvodnje namjestaja, ali i
na mnogim drugim podruc¢jima ljudskog djelovanja.

izv. prof. dr. sc. Darko Motik
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Knjiga Niko Kralj avtorice

Jasne Hrovatin

U cast 90. rodendana jednoga od najvecih dizaj-
nera na podrucju oblikovanja namjestaja proslog sto-
ljeca, autorica Jasna Hrovatin napisala je monografiju
koja je izasla u izdanju Visoke $ole za dizajn iz Ljublja-
ne. Monografija je tiskana na slovenskome pod naslo-
vom Niko Kralj te na engleskom jeziku pod naslovom
Design for all, all for design.

Knjiga je podijeljena na dva dijela, od kojih je u
prvome opisano povijesno razdoblje Kraljeva djelo-
vanja i njegov Zivotopis, s posebnim opisom peda-
goskoga 1 dizajnerskog rada i posebnostima njegova
dizajna, te je dana ocjena njegove uloge i rada kao arhi-
tekta — dizajnera. Drugi je dio upoznavanje s opsegom
njegovarada, s kronoloskim pregledom. Knjiga zavrsa-
va dojmovima o Niki Kralju koje su izrekli njegovi su-
radnici, studenti, prijatelji i obitelj.

Niko Kralj utemeljitelj je slovenskoga industrij-
skog oblikovanja. Kao medunarodno priznati struénjak
na podrucju oblikovanja u drugoj polovici 20. st. uvrsen
je medu najznacajnije dizajnere u svijetu. Njegova ino-
vativna rje$enja podarila su svijetu nekoliko bezvremen-
skih primjeraka namjestaja, a brojne domace i strane
nagrade govore o kvaliteti Kraljeva rada na podruéju

Slika 1. Niko Kralj
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oblikovanja. Proizvodi koji su zasnovani na velikoserij-
skoj proizvodnji bili su komercijalno uspjesni i izradeni
u stotinama tisu¢a komada. Zbog svoga bezvremenskog
modernistickog oblika, Kraljevi proizvodi pripadaju eu-
ropskoj modernoj klasici. Njegovoj stolici Rex struka je

Slika 2. Autorica monografije doc. dr. sc. Jasna Hrovatin
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Slika 3. Namjestaj Futura

dodijelila status umjetni¢kog proizvoda koji je izlozen u
newyorskom Muzeju moderne umjetnosti MOMA-i.

Niko Kralj svoj je profesionalni put zapoceo u
gospodarstvu, nastavio ga prijenosom znanja i iskustva
mladim narastajima na Fakulteti za arhitekturo, a nje-
gova predavanja slusali su i studenti Biotehniske fakul-
tete u Ljubljani. Bio je osnivac i predstojnik Instituta za
oblikovanje. Registrirao je 118 patenata i modela. Bio
jerijec o svjetskom dizajneru govori i podatak o njego-
vu druzenju s najeminentnijim europskim dizajnerima
medu kojima su Charles Eames, Richardom Mentri,
Richard Buckminster Fullerom, Mies van der Rohem,
Marc Zanuso, Tobio Scarpa i drugi. Od 1950-ih do
1970-ih Niko Kralj bio je medu najboljim industrijskim
dizajnerima prema svjetskim mjerilima.

Slika 4. Stolica Lupina
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Iako je oblikovao velik broj razli¢itih proizvoda,
bit e zapamcéen kao dizajner namjestaja.

Osim bezvremenskog oblikovnog rje$enja namje-
Staja, Niko Kralj prije svega postuje funkcionalizam,
koji potvrduje antropometrijskim pravilima i prilago-
duje potrebama Covjeka, §to rezultira udobnoséu pri
koristenju. Ova se Cinjenica posebno odnosi na nam-
jestaj za sjedenje.

Osim toga, veliku pozornost pridaje konstrukeiji,
tehnologiji 1 njezinoj racionalizaciji u svim segmenti-
ma, posebice pri odabiru materijala. Osim cjelovitog
drva, u svojim prijedlozima dizajnerskih rjesenja kao
materijalom za izradu namjestaja furnirom ¢esto se ko-
ristio oplemenjenom ivericom s drvenim letvicama na
rubovima i stolarskom ploc¢om. Godine 1979. u ¢lanku
s naslovom Tendence v razvoju kakovosti pohistva
(Trendovi u razvoju kvalitete namjestaja) zapisao je da
¢e se za namjestaj za odlaganje upotrebljavati lagana i
kvalitetna stolarska ploca i debljinske konstrukcije s
papirnim sa¢em, oblozene masivnim drvom.

Kraljev namjestaj bio je oblikovan tako da je bilo
prilagoden zahtjevima materijala i tehnologije tj. racio-
nalnoj industrijskoj proizvodnji. Detalji su smisljeni
tako da ponajprije budu prvom mjestu funkcionalni, a
potom dekorativni. Proizvodi su bili plod timskog rada
dizajnera, konstruktora i tehnologa. Nastali dizajn bio je
rezultat razumijevanja racionalnoga industrijskog
oblikovanja, i to u smislu uporabe materijala, vremena
izrade i transporta. Pri tome je poStovao nacin Zivota i
potrebe potencijalnih korisnika, a jedan od primarnih
zadataka koji je zelio ispuniti bio je humanizacija
zivotnog okolisa, s funkcionalnim i ekonomicno izrade-
nim uporabnim predmetima koje si moze svatko priustiti.
Svoje proizvode nikada nije oblikovao raskosno, eksklu-
zivno ni glamurozno, pa je stoga vecina proizvoda koje
je oblikovao i danas moderna i upotrebljiva.

Dosljedno se drzao pravila da oblikovno rjeSenje
mora biti prilagodeno svojstvima materijala i njegovoj
obradi.

Ve¢ 1935. godine najavio je novosti u primjeni
materijala za proizvodnju namjestaja, koje je ostvario s
namjestajem Futura. Zagovarao je izradu namjeStaja
od prirodnih materijala ili je nastojao da barem povrsine
koje su u dodiru s korisnikovim tijelom budu ople-
menjene prirodnim materijalom.

Slika 5. Stolica 4455
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Slika 6. Patent 18240

Na Kraljevu incijativu 1952. u tvornici Stol zapo-
¢eo je razvoj tehnologije izrade perforirane furnirske
plo¢e koja je omoguéila prostorno oblikovanje. Taj je
patent 1957. prijavljen pod brojem 18240 kao prostor-
no savijena furnirska plo¢a. Opisano rjesenje s uzduz-
nim perforacijama omogucuje prijenos tlacnih i vla¢nih
naprezanja u materijalu.

Autorica knjige Jasna Hrovatin upoznala je Niku
Kralja na studiju arhitekture, na kojemu je 1987. diplo-
mirala pod mentorstvom Nike Kralja i za taj rad dobila
nagradu Unilesa. Svoju suradnju s Kraljem nastavila je
kao mlada istrazivacica. U tom je razdoblju imala pri-
liku upoznati Kralja kao pedagoga, dizajnera, mena-
dzera, inovatora i covjeka. Pod njegovim mentorstvom
sudjelovala je u nizu projekata, Sto joj je bila dobra
osnova za stjecanje znanja na podrucju oblikovanja
namjes$taja. Nakon obranjenog doktorata zaposlila se
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Slika 7. Kraljeva vizija kutno-plo$nog povezivanja ploc¢a

na Odelku za lesarstvo Biotehniske fakultete u Ljublja-
ni. Svoja je znanja prenosila i brojnim studentima
ALUO-au Ljubljani. Od2009. zaposlena je kao nasta-
vnica na Visoki $oli za dizajn u Ljubljani. Od 1999.
glavna je urednica tematskih priruénika Gradnja in
oprema. Njezini vazni projekti su oprema Lutkarskog
kazaliSta u Ljubljani i onoga u Splitu. Dobitnica je na-
grade Zlatni kljuc za kolekciju stolica te nekoliko na-
grada na sajmu namjesStaja u Beogradu. Svoje radove
izlagala je u Ljubljani, Beogradu, Kélnu i Kopenhage-
nu. Dobitnica je i brojnih domacdih i inozemnih nagra-
da. Prijavila je dva patenta s podrucja konstrukcija.

doc. dr. sc. Silvana Prekrat
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Alstonia spp.

NAZIVI | NALAZISTE

Alstonia je rod vazdazelenog drveca i grmlja iz
porodice Apocynaceae. Ime je dobila po profesoru bo-
tanike Charlesu Alstonu (1685-1760). Rod je prirodno
rasprostranjen u vlaznim kiSnim Sumama suptropske i
tropske Afrike, Srednje Amerike, jugoistoéne Azije,
Polinezije, Australije i Malezije, a ¢ini ga 40 - 60 vrsta.
Unutar roda Alstonia postoji pet sekcija: Alstonia, Bla-
beropus, Dissuraspermum, Monuraspermum i Tondu-
zia. U preradi drva uglavnom su poznate ove vrste
sekcije Alstonia: A. congensis Engl., A. boonei De
Wild., A. gilletii De Wild. iz Afrike (trgovacki nazivi
mujua, emien, ekuk, patternwood i cheesewood) te 4.
scholaris R.Br., A. spathulata Bl., A. angustiloba Miq.
iz Azije, Polinezije, Australije i Malezije (trgovacki na-
zivi pulai, shaitan, white cheeswood). Drvo navedenih
vrsta male je gustoce, medusobno sli¢nih tehnickih 1
uporabnih svojstava, a u ovom su prilogu prikazana
svojstva drva 4. congensis Engl.

Vrste sekcije Dissuraspermum i Monuraspermum
daju gusto drvo, a njihova svojstva ovdje nisu opisa-
na.

STABLO

Stablo 4. congensis doseze do 30 m (40 m) visi-
ne, a promjera je 60 - 100 cm. Deblo je cilindri¢no i
Cisto, do 24 m visoko, s uzlijebljenim zilistem visokim
do 6 m. Kora je ljuskasta, sivobijela do sivosmeda,
sadrzava mlije¢ (lateks) i debela je 1 —2 cm.

DRVO

Makroskopska obiljezja

Svjeze posjeceno drvo gotovo je bijelo, a izloZzeno
zraku postaje Zutobijelo. Nema razlike u boji bjeljike i
srzi. Bjeljika je Siroka do 15 cm. Godovi tog difuzno
poroznog drva nisu uocljivi. Pore, aksijalni parenhim i
drvni traci jedva su uocljivi obi¢nim okom, ali su
povecalom su dobro uocljivi. Na tangentnim presjeci-
ma vide se pravilno rasporedeni radijalni mlijecni ka-
nali visine 20 mm i Sirine 2 — 5 mm, i to na svakih 30
—90 cm, u kojima nakon sjece jo§ dugo vremena osta-
ne zitka smola. Tekstura je jednoli¢na i nije ukrasna.

Mikroskopska obiljezja

Traheje su difuzno rasporedene, pojedinac¢no, u
parovima i u kratkim radijalnim skupinama. Srednjeg
su promjera 70 — 200 mikrometara i vrlo su rijetke, 1
— 11 na mm? popreénog presjeka. Volumni je udjel
traheja oko 11 %. Tile su Ceste i oskudne.
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Aksijalni je parenhim mrezast ili ljestvicast, s vo-
lumnim udjelom od priblizno 8 %.

Drvni su traci nepravilnog rasporeda. Siroki su 1
— 2 (4) stanice, a visoki do 30 stanica. Stanicje trakova
je heterogeno. Gustoc¢a trakova je 7 — 11 na 1 mm, a
volumni im je udjel 20 %. U nekim tracima postoje
mlije¢ni kanali.

Drvna su vlakanca libriformska, a traheide vlak-
naste. Dugacka su 1,2 — 2,1 mm. Dvostruka debljina
stani¢nih stijenki vlakanaca iznosi 3,3 — 6,8 mikrome-
tara, a promjer lumena 5,9 — 36,5 mikrometara. Volum-
ni udio vlakanaca kreée se oko 62 %.

Fizikalna svojstva

Gustoca standardno suhog
drvap
Gustoca prosusenog drva p

320 -390 kg/m’
400 — 500 kg/m’

Gustoca sirovog drva p e 650 — 750 kg/m?
Poroznost : oko 78 %
Radijalno utezanje oko 3,8 %
Tangentno utezanjeb 5,5-5,5%
Volumno utezanje ﬁvl 9,2-9,5%
Mehanicka svojstva
Cvrstoéa na tlak 24 — 30 MPa
Cvrstoca na vlak,
okomito na vlakanca oko 1,6 MPa
Cvrstoéa na savijanje 48 — 60 MPa
Tvrdoca (prema Brinellu),
paralelno s vlakancima 26 MPa
okomito na vlakanca 16 MPa
Modul elasti¢nosti 7,5 GPa

TEHNOLOSKA SVOJSTVA
Obradivost

Drvo Alstonia lako se obraduje strojnim i ru¢nim
alatima. Samo upotrebom vrlo ostrih alata moze se
postiéi Cista povrsina tog mekanog drva. Drvo se moze
piliti, ljustiti i rezati. Dobro se lijepi i povezuje ¢avlima
i vijeima. Preporucuje se predbusenje.

Susenje

Susi se brzo i bez teskoca. Greske susenja su
rijetkost.
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Trajnost i zastita

Drvo je prirodno izrazito slabe trajnosti. Da se
izbjegne napad svjezeg drva plijesni, gljivama i insek-
tima, preporucuje se susenje ili kemijska obrada od-
mah nakon rusenja. Drvo je permeabilno i lako se im-
pregnira.

Uporaba

Drvo Alstonia upotrebljava se za izradu raznovr-
snog namjestaja, sanduka, ambalaze, za modeliranje te,
opcenito, za sve namjene za koje tamo gdje izgled i
¢vrstoéa nisu od primarne vaznosti.

Napomena

Kora, lis¢e 1 sok drveca Alstonia spp. vrlo su
cijenjeni u tradicionalnoj medicini.

Drvo vrlo sli¢nih tehnic¢kih obiljezja ima Dyera
costulata Hook. f. (jelutong), Dyera spp., Hura crepi-
tans (assacu), Ricinodendron heudelotii Pierre (esses-
sang), Terminalia superba Engl. et Diels. (limba) te
Triplochiton scleroxylon K. Schum. (abahi).
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Upute autorima

Sve autore molimo da prije predaje rukopisa pazljivo prouce slje-
deca pravila. To ¢e poboljsati suradnju urednika i autora te pri-
donijeti skracenju razdoblja od predaje do objavljivanja radova.
Rukopisi koji budu odstupali od ovih odredbi i ne budu udovoljavali
formalnim zahtjevima bit ¢e vraceni autorima radi ispravaka, i to
prije razmatranja i recenzije.

Opce odredbe

Casopis “Drvna industrija” objavljuje izvorne znanstvene i pregledne
radove, prethodna priopéenja, struéne radove, izlaganja sa savjetova-
nja, struéne obavijesti, bibliografske radove, preglede te ostale
priloge s podrucja iskoriStavanja Suma, biologije, kemije, fizike
i tehnologije drva, pulpe i papira te drvnih proizvoda, ukljuéivsi i
proizvodnu, upravljacku i trzisnu problematiku u drvnoj industriji.
Predaja rukopisa razumijeva uvjet da rad nije ve¢ predan negdje
drugdje radi objavljivanja i da nije ve¢ objavljen (osim sazetka,
dijelova objavljenih predavanja ili magistarskih radova odnosno
disertacija; $to mora biti navedeno u napomeni); da su objavljivanje
odobrili svi suautori (ako ih ima) i ovlastene osobe ustanove u kojoj
je rad proveden. Kad je rad prihvacen za objavljivanje, autori pristaju
na automatsko prenosenje izdavackih prava na izdavaca te pristaju da
rad ne bude objavljen drugdje niti na drugom jeziku bez odobrenja
nositelja izdavackih prava.

Znanstveni i stru¢ni radovi objavljuju se na hrvatskome uz $iri sa-
zetak na engleskome ili njemackome, ili se pak rad objavljuje na
engleskome ili njemackome, s proSirenim sazetkom na hrvatskom
jeziku. Naslovi i svi vazni rezultati trebaju biti dani dvojezi¢no.
Ostali se ¢lanci uglavnom objavljuju na hrvatskome. Uredni§tvo
osigurava inozemnim autorima prijevod na hrvatski. Znanstveni
i struéni radovi podlijezu temeljitoj recenziji bar dvaju izabranih
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 zahtijevati od
autora da prilagode tekst preporukama recenzenata i lektora, a urednici
zadrzavaju i pravo da predloze skrac¢ivanje i poboljSanje teksta.
Autori su potpuno odgovorni za svoje priloge. Podrazumijeva se da
je autor pribavio dozvolu za objavljivanje dijelova teksta §to je vec
negdje drugdje objavljen, te da objavljivanje ¢lanka ne ugrozava prava
pojedinca ili pravne osobe. Radovi moraju izvjeStavati o istinitim
znanstvenim ili tehnickim postignué¢ima. Autori su odgovorni za
terminolosku i metrolosku uskladenost svojih priloga.

Radovi se, u dva tiskana primjerka i u elektronskom zapisu, Salju
na adresu:

Urednistvo ¢asopisa “Drvna industrija”

Sumarski fakultet Sveucilista u Zagrebu

Svetosimunska 25, HR — 10000 Zagreb

E-mail: drind@sumfak.hr

Rukopisi

Predani rukopisi smiju sadrzavati najvise 15 jednostrano pisanih DIN
A4 listova s dvostrukim proredom (30 redaka na stranici), ukljucivsi
i tablice, slike i popis literature, dodatke i ostale priloge. Dulje ¢lanke
je preporucljivo podijeliti u dva ili vi$e nastavaka.

Tekst treba biti napisan u MS Wordu, u normalnom stilu bez
dodatnog uredenja teksta. Urednistvo prihvaca elektronski zapis na
disketi, CD-u ili putem elektronske poste.

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

Znanstveni i stru¢ni radovi na sljede¢im stranicama trebaju imati i
naslov, prosireni sazetak i klju¢ne rijeci na jeziku razli¢itom od onoga
na kojem je pisan tekst ¢lanka (npr. za ¢lanak pisan na engleskome ili
njemackome naslov, prosireni sazetak i kljuéne rijeci trebaju biti na
hrvatskome, i obratno). Prosireni sazetak (priblizno 1 1/2 stranice DIN
A4), uz rezultate, trebao bi omoguciti Citatelju koji se ne sluzi jezikom
kojim je pisan ¢lanak potpuno razumijevanje cilja rada, osnovnih
odrednica pokusa, rezultata s bitnim obrazlozenjima te autorovih
zakljucaka.

Posljednja stranica sadrzi titule, zanimanje, zvanje i adresu (svakog)
autora, s naznakom osobe s kojom ¢e Urednistvo biti u vezi.
Znanstveni i struéni radovi moraju biti saZeti i precizni, uz izbjegavanje
dugackihuvoda. Osnovnapoglavljatrebajubiti oznacenaodgovarajuc¢im
podnaslovima. Napomene se ispisuju na dnu pripadajuce stranice,
a obroj¢uju se susljedno. One koje se odnose na naslov oznacuju se
zvjezdicom, a ostale natpisnim (uzdignutim) arapskim brojkama.
Napomene koje se odnose na tablice piSu se ispod tablice, a oznacavaju
se uzdignutim malim pisanim slovima abecednim redom.

Latinska imena pisana kosim slovima trebaju biti podcrtana.

U uvodu treba definirati problem i, koliko je moguce, predociti granice
postojecih spoznaja, tako da se Citateljima koji se ne bave podrucjem o
kojemu je rije¢ omoguéi razumijevanje namjera autora.

Materijal i metode trebaju biti §to preciznije opisane da omoguce
drugim znanstvenicima obnavljanje 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. Preporucuju
se SI jedinice. Rjede rabljene fizikalne vrijednosti, simboli i jedinice
trebaju biti objasnjeni pri prvom spominjanju u tekstu. Za pisanje
formula koristiti Equation Editor (program za pisanje formula unutar
MS Worda). Jedinice se pisu normalnim (uspravnim) slovima, a fi-
zikalni simboli i faktori kosim slovima. Formule se susljedno obroj-
¢avaju arapskim brojkama u zagradama, npr. (1) na kraju retka.
Broj slika mora biti ograni¢en na samo one koje su prijeko potrebne
za pojasnjenje teksta. Isti podaci ne smiju biti navedeni u tablici i na
slici. Slike i tablice trebaju biti zasebno obroj¢ene arapskim brojkama,
a u tekstu se na njih upucuje jasnim naznakama (“tablica 17 ili ’slika
1). Naznaka zeljenog polozaja tablice ili slike u tekstu treba biti
navedena na margini. Svaka tablica i slika treba biti prikazana na
zasebnom listu, a njihovi naslovi moraju biti tiskani na posebnim
listovima, i to redoslijedom. Naslovi, zaglavlja, legende i sav ostali
tekst u slikama i tablicama treba biti pisan hrvatskim i engleskim ili
hrvatskim i njemackim jezikom.
Slike i tablice trebaju biti potpune i jasno razumljive bez pozivanja
na tekst priloga. Naslove slika i crteza ne pisati velikim tiskanim
slovima. Uputno je da crtezi odgovaraju stilu ¢asopisa i da budu
tiskani na laserskom printeru. Tekstu treba priloziti izvorne crteze
ili fotografske kopije. Slova i brojke moraju biti dovoljno veliki da
budu lako ¢itljivi nakon smanjenja Sirine slike ili tablice na 160 ili 75
mm. Fotografije trebaju biti crno-bijele; one u boji tiskaju se samo na
poseban zahtjev, a troSak tiskanja u boji podmiruje autor. Fotografije
i fotomikrografije moraju biti izvedene na sjajnom papiru s jakim
kontrastom. Fotomikrografije trebaju imati naznaku uvecanja, po-
zeljno u mikrometrima. Uvec¢anje moze biti dodatno naznaceno na
kraju naslova slike, npr. “uvecéanje 7500 : 1”.
Svaka ilustracija na poledini treba imati svoj broj i naznaku
orijentacije te ime (prvog) autora i skraceni naslov ¢lanka. Originalne
se ilustracije ne vracaju autorima.
Diskusija i zaklju¢ak mogu, ako autori tako Zele, biti spojeni u
jedan odjeljak. U tom tekstu treba objasniti rezultate s obzirom na
problem koji je postavljen u uvodu u odnosu prema odgovaraju¢im
zapazanjima autoraili drugih istrazivaca. Valja izbjegavati ponavljanje
podataka ve¢ iznesenih u odjeljku “Rezultati”. Mogu se razmotriti
naznake za dalja istrazivanja ili primjenu. Ako su rezultati i diskusija
spojeni u isti odjeljak, zakljucke je nuzno iskazati odvojeno.
Zahvale se navode na kraju rukopisa.
Odgovarajucu literaturu treba citirati u tekstu i to prema harvardskom
“ime — godina”) sustavu, npr. (Badun, 1965). Nadalje, bibliografija
mora biti navedena na kraju teksta, i to abecednim redom prezimena
autora, s naslovima i potpunim navodima bibliografskih referenci.
Nazive Casopisa treba skratiti prema publikacijama Biological
Abstracts, Chemical Abstracts, Forestry Abstracts ili Forestry
Products Abstracts. Popis literature mora biti selektivan, osim u
preglednim radovima. Primjeri navodenja:
Clanci u Gasopisima: Prezime autora, inicijal(i) osobnog imena, godina:
naslov. Skraceni naziv ¢asopisa, godiste (ev. broj): stranice (od — do).
Primjer: Badun, S. 1965: Fizicka i mehanicka svojstva hrastovine iz
Sumskih predjela Ludbrenik, Lipovijani. Drvna ind. 16 (1/2): 2 - 8.
Knjige: Prezime autora, inicijal(i) osobnog imena, godina: naslov.
(ev. izdavaceditor): izdanje (ev. tom). Mjesto izdavanja, izdavac, (ev.
stranice od — do).
Primjeri:
Krpan, J. 1970: Tehnologija furnira i ploca. 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 zir Klassifizierung asiatischer
Baumarten. Mitteilung der Bundesforschungsanstalt fiir Forst-
und Holzvvirtschaft 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).
Tiskani slog i primjerci
Autoru se prije kona¢nog tiska $alju po dva primjerka tiskanog sloga.
Jedan primjerak treba pazljivo ispraviti upotrebom medunarodno
prihvacéenih oznaka. Ispravci su ograni¢eni samo na tiskarske greske:
dodaci ili promjene teksta posebno se naplacuju. Autori znanstvenih
i struénih radova primaju besplatno po pet primjeraka Casopisa.
Autoru svakog priloga dostavlja se po jedan primjerak ¢asopisa.



Instructions for authors

The authors are requested to observe carefully the following rules
before submitting a manuscript. This will facilitate co-operation
between the editors and authors and help to minimise the publication
period. Manuscripts that differ from the specifications and do not
comply with the formal requirements will be returned to the authors
for correction before review.

General

The “Drvna industrija” (“Wood Industry”) journal publishes original
scientific and review papers, short notes, professional papers, con-
ference papers, reports, professional information, bibliographical
and survey articles and general notes relating to the forestry exploi-
tation, biology, chemistry, physics and technology of wood, pulp and
paper and wood components, including production, management and
marketing aspects in the woodworking industry.

Submission of a manuscript 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
that 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 work has been carried out. When the manuscript is accepted for
publication the authors agree to the transfer of the copyright to the
publisher and that the manuscript will not be published elsewhere in any
language without the consent of the copyright holders.

The scientific and technical papers should be published either in
Croatian, with extended summary in English or German, or in Eng-
lish or German with extended summary in Croatian. The titles and
all the relevant results should be presented bilingually. Other articles
are generally published in Croatian. The Editor’s Office provides the
translation into Croatian for foreign authors.

The scientific and professional papers are subject to a thorough review
by at least two selected referees. The Editorial Board makes the choice
of reviewers, as well as the decision about the accepting of the paper
and its classification — based on reviewers’ recommendations — is
made by Editorial Board.

All contributions are subject to linguistic revision. The editors will
require authors to modify the text in the light of the recommendations
made by reviewers and linguistic advisers. The editors reserve the
right to suggest abbreviations and text improvements.

Authors are fully responsible for the contents of their contribution.
The Editors assume 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 must report on true scientific or
technical progress. Authors are responsible for the terminological and
metrological consistency of their contribution.

The contributions are to be submitted in duplicate printout and an
electronic version to the following address:

Editorial Office “Drvna industrija”

Faculty of Forestry, Zagreb University

Svetosimunska 25, HR — 10000 Zagreb, Croatia

E-mail: drind@sumfak.hr

Manuscripts

Submitted manuscripts must 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. It is advised that
longer manuscripts be divided into

two or more continuing series.

Manuscripts should be written in MS Word, in normal style. Electronic
version on diskettes, CD or sent by e-mail will be accepted with the
printout.

The first page of the typescript should present full title, name(s) of
author(s) with professional affiliation (institution, city and state),
abstract with keywords in the main language of the paper (approx. 1/2
sheet DIN A4, concise in abstract form).

The succeeding pages of scientific and professional papers should
present a title and extended summary with keywords in a language
other than the main language of the paper (e.g. for a paper written in
English or German, the title, extended summary and keywords should
be presented in Croatian, and vice versa). The extended summary
(approx. 1 1/2 sheet DIN A4), along with the results, should enable
the reader who is unfamiliar with the language of the main text, to
completely understand the intentions, basic experimental procedure,
results with essential interpretation and conclusions of the author.
The last page should provide the full titles, posts and address(es) of
(all) the author(s) with indication as to whom of the authors are editors
to contact. Scientific and professional papers must be precise and
concise and avoid lengthy introductions. The main chapters should be
characterised by appropriate headings.

Footnotes should be placed at the bottom of the same page and con-
secutively numbered. Those relating to the title should be marked by
an asterix, others by superscript arabic numerals. Footnotes relating
to the tables should be printed below the table and marked by small
letters in alphabetical order. Latin names to be printed in italic should
be underlined.

Introduction should define the problem and if possible the frame
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 work. Main experimental data should be
presented bilingually.

Results: only material pertinent to the subject can be included. The
metric system must 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 in MS Word. Units are written in normal (upright) letters,
physical symbols and factors are written in italics. Formulas are
consecutively numbered with arabic numerals in parenthesis (e.g. (1))
at the end of the line.

The number of figures must 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 17). The position
of the figure or a table in the text should be indicated on the margin.
Each table and figure should be presented on a single separate sheet.
Their titles should be typed on a separate sheet in consecutive order.
Captions, headings, legends and all the other text in figures and tables
should be written in both Croatian and in English or German.

Figures and tables should be complete and readily understandable
without reference to the text. Do not write the captions to figures and
drawings in block letters.

Line drawings should, if possible conform to the style of the journal
and be printed on the laser printer. Original drawings or photographic
copies should be submitted with the manuscript. Letters and numbers
must be sufficiently large to be readily legible after reduction of the
width of a figure/table to either 160 mm or 75 mm. Photographs
should be black/white. Colour photographs will be printed only on
special request; the author will be charged for multicolour printing.
Photographs and photomicrographs must be printed on highgloss
paper and be rich in contrast. 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). Each illustration should carry on its reverse side its number
and indication of its orientation, along with the name of (principal)
author and a shortened title of the article. Original illustrations will
not be returned to the author.

Discussion and conclusion may, if desired, be combined into one chapter.
This should interpret results in relation of the problem as outlined in the
introduction and of related observations by the author(s) or others. Avoid
repeating the data already presented in the “Results” chapter. Implications
for further studies or application may be discussed. Aconclusion should
be added if results and discussion are combined.

Acknowledgements are presented at the end of manuscript.

Relevant literature must be cited in the text according to the name
— year (Harvard-) system. In addition, the bibliography must 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. Names of journals should be abbreviated according to
Biological Abstracts, Chemical Abstracts, Forestry Abstracts or Forest
Products Abstracts. The list of references should be selective, except
in review papers. Examples of the quotation:

Journalarticles: Author, initial(s) of the firstname, year: Title. Abbreviated
journal name, volume (ev. issue): pages (from — to). Example;

Porter, A.W. 1964: On the mechanics of fracture in wood. For. Prod.
J. 14 (8):325 - 331.

Books: Author, first name(s), year: Title. (ev. editor): edition, (ev.
volume), place of edition, publisher (ev. pages from — to). Examples:
Kollmann, F. 1951: Technologie des Holzes und der Hokwerkstoffe.
2nd edition, Vol. 1. Berlin, Gottingen, Heidelberg: Springer

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

Other publications (brochures, reports etc.):

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

Web pages:

*¥*%1997: “Guide to Punctuation” (online), University of Sussex,
www.informatics.sussex.ac.uk/department/docs/punctuation/node
00.html. First published 1997 (Accessed 27" January 2010).
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Corrections should be limited to printing errors; amendments to or
changes in the text will be charged.

Authors of scientific and professional papers will receive 5 copies of
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