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ABSTRACT - Decisions for environment-friendly production and environmentally acceptable products are be-
coming a necessity and one of very important objectives of timber companies next to already existing economic
criteria. Individual products and their manufacture have different influences on the pollution of the environment.
Therefore it is necessary to determine the ecological quality of individual products, which means analyzing their
ecological suitability during their life cycle. In our research we developed the methodology for establishing the
ecological quality of furniture, based on three scientific methods: the method of life cycle analysis, ABC analysis,
modified for our case, and the multi-criteria decision-making method. We analyzed the ecological quality of three
kitchens of a well-known manufacturer. The results of the research are the basis for developing an optimal busi-
ness strategy from the viewpoint of determining a production assortment. The used methodology is also suitable
for studying other furniture products and for accepting optimal environmentally acceptable decisions in wood
companies.

Key words: wood company, furniture, ecological quality, methodology, decision-making

SAZETAK e Odabir ekoloske proizvodnje i ekoloski prihvatljivih proizvoda, osim veé postojeéih ekonomskih
kriterija, postaju nuznost i jedan od vrlo vaznih ciljeva drvnopreradivackih tvrtki. Pojedini proizvodi i njihova
proizvodnja imaju razlicite utjecaje na onecis¢enje okolisa. Stoga je potrebno utvrditi ekolosku kvalitetu poje-
dinih proizvoda, $to znaci analizirati njihove ekoloske pogodnosti tijekom njihova Zivotnog ciklusa. U ovom je
istrazivanju utemeljena metodologija utvrdivanja ekoloske kvalitete namjestaja, koja se temelji na tri znanstvene
metode: metodi Zivotnog ciklusa proizvoda, ABC analizi koja je modificirana za tu metodologiju i na metodi
multikriterijskog odlucivanja. Analizirana je ekoloska kvaliteta triju kuhinja poznatog proizvodaca. Rezultati
istrazivanja osnova su za izgradnju optimalne poslovne strategije sa stajalista odredivanja proizvodnog asortima-
na. Metodologija kojom smo se koristili takoder je pogodna za proucavanje ostalih vrsta namjestaja i za donosenje
optimalnih ekoloski prihvatljivih odluka u drvnim poduzeéima.

Kljuéne rijeci: drvnoindustrijsko poduzecée, namjestaj, ekoloska kvaliteta, metodologija, odlucivanje

! Authors are associate professor and assistant at Biotechnical Faculty, University of Ljubljana, Ljubljana, Slovenia.
! Autori su izvanredni profesor i asistent Biotehni¢kog fakulteta Sveucilista u Ljubljani, Ljubljana, Slovenija.
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1 INTRODUCTION
1. UVOD

Global market, which requires and encourages
constant progress, is more and more demanding when
it comes to environment protection regulation. Also the
market of financial capital, which is more and more
favorable towards environmental projects, demands
for a restructuration of wood industry in accordance
with environmental needs. Many authors (Palus and
Matova, 2009; Kaputa and Supin, 2010; Kuzman et al.,
2010) have dealt with these problems.

Ecological awareness of manufacturers is nowa-
days an important competitive advantage, which the
company can acquire in foreign or home markets (Oblak
and Tratnik, 1997). Wood industry basically processes
environment friendly natural material — wood, but the
technological procedures, materials, use of products and
their disposal are ecologically challenging. Therefore,
ecological quality of the products in individual phases of
their life cycle must be determined from their concep-
tion, use of resources, production, use, until the disposal
of “used” products (Winter et al., 1993).

The objective of our research was to determine
the ecological quality of three kitchens from a well-
known manufacturer. On the basis of the results, the
company could adopt a long-term strategy, where one
of the most important goals would be to develop and
produce products from environment friendly materials,
with low use of all kinds of energy and with low emis-
sions of harmful matters into earth, water and air.

2 METHODS AND MATERIALS
2. METODE | MATERIJALI

Ecological problems are so complex that they
need to be solved systematically (Oblak and Kropivsek,
1997). For this purpose we used three scientific-resear-
ch methods in the research:

- the method of life cycle analysis,
- modified ABC analysis and
- the multi-criteria decision-making method.

Despite the fact that there are various methods
for studying the ecological quality of products, we deci-
ded for an innovative approach and with the combina-
tion of the above methods we developed a methodology
that later showed to be very suitable for decision-
making in wood companies, aimed at making environ-
ment friendly decisions.

2.1 The method of life cycle analysis
2.1. Metoda Zivotnog ciklusa proizvoda

The method of life cycle analysis is a methodolo-
gical framework for estimating and assessing the envi-
ronmental impacts attributable to the life cycle of a
product, such as climate change, stratospheric ozone
depletion, tropospheric ozone (smog) creation, eu-
trophication, acidification, toxicological stress on hu-
man health and ecosystems, depletion of resources,
water use, land use, noise and others.

With the method of life cycle analysis we tried to
demonstrate a complete image of possible interactions
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of production processes with environment. The method

helps us to understand long-term consequences of hu-

man activity in the environment and in decision-
making, when opportunities are sought for improving

the ecological behavior (Kosir, 1999).

This method is used for evaluating the burdening
of the environment, connected with manufacturing of
products or services, by establishing how much energy
and materials are required according to the type and
quantity, which types and quantities of waste and of
emissions into environment are produced and what are
the possible consequences for the environment (Ri-
chter, 1995).

The evaluations include the whole life cycle of
the product, together with planning, acquiring raw ma-
terials and energy, production, transport and distribu-
tion, packaging, use, maintenance, possible recycling
and final disposal. This is, therefore, a complex analy-
sis of all factors that can influence the environment;
and hence the effects of the emissions are evaluated on
the basis of:

- harmful effects on people, animals, plants or ecosy-
stem or other objects, such as buildings or ozone
layer

- duration of effects (long life cycle of harmful sub-
stances in the environment)

- tendency for spreading or dispersion

- piling up, which is tightly connected with the dura-
tion of the effect and can cause elevated local con-
centrations

- synergic effects with other substances or products
produced in the environment

2.2 ABC analysis
2.2. ABC analiza

When establishing a system of environment pro-
tection, a great deal of ecological parameters is met in
the company. This demands a large scope of work, but
also causes lack of clarity over the whole action. Tho-
rough following and analysis of all ecological parame-
ters would also cause high expenses, surely not in pro-
portion with the results that can be expected from it. It
is, therefore, necessary to determine the critical ecolo-
gical parameters and prioritize them in the procedure
(Oblak et al., 1998).

This can be achieved by ABC analysis. It is a
very widely applied method that was used for many
years only for economic studies, but in this research we
modified it also for solving environmental problems in
companies. The method is based on Parrett’s principle
of cause-consequence interdependence, which says
that approximately 20% of causes is responsible for ap-
proximately 80% of consequences or effects. If this is
applied to the environmental field, this means that 20%
of ecological parameters cause 80% of ecological pro-
blems in the companies (Ljubic¢, 2000).

With this method, all ecologic parameters are ca-
tegorized in three typical groups. Group A is for 5-10%
of ecological parameters that are responsible for the
major share (70-80%) of environment pollution, group
C consists of the major share of less important ecologi-
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cal parameters (60-70%) that cause only a minor, less
important pollution share (5-10%), while the middle
group B consist of 20-30% of ecological parameters
that influence the pollution with a 10-25% share (Oblak
and Podlesnik, 2005).

For the needs of our research, the method was sli-
ghtly modified by adding two intermediate groups AB
and BC. Thus, groups A and AB will contain the effects
on the environment that demand immediate action,
groups B and BC will contain the noticeable effects to be
resolved in middle terms, and group C will contain the
effects that are of secondary importance and do not cau-
se any significant damage to the environment.

2.3 The multi-criteria decision-making method
2.3. Metoda multikriterijskog odlucivanja

The method of multi-criteria decision-making is
used for resolving demanding decision-making pro-
blems. The essence of this method is to break the deci-
sion-making problem to smaller units and treat them
separately. The variants are deconstructed to individual
parameters and evaluated separately. By merging these
evaluations a final grade is obtained, which is the basis
for selection of most suitable variant (Rajkovi¢ and
Bohanec, 1995).

Definition of the problem is followed by determi-
nation and implementation of the list of criteria conside-
red important. For the needs of the model, the criteria
must be hierarchically organized while considering in-
ter-dependences and content connections. This way a
tree of criteria is obtained. A measuring scale and esti-
mating value is attributed to each criterion, which can be
used for evaluation. With the help of a program package
for decision-making support, the utility functions and
decision-making (if-then) rules are defined. On the basis
of these functions the computer determines the best of
all the variants, which are previously described by the
values of basic criteria (Jereb ef al., 2003)

For a decision-making model, it is necessary to
establish a decision-making group, in which experts
for the fields involved should be included, as this is the
only way to assure greater reliability of the decision-
making model. The members of the group participate
in defining the objectives and demands as well as in
setting criteria and decision-making rules, and in the
final phase they also help with evaluation and deciding
on optimal variant (Novak, 2000).

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

A wood company that produces kitchens was in-
cluded in the research. After agreement with professio-
nal cooperators, we selected three kitchens from their
production program. The kitchens differ significantly
in the selection of used materials and type of manufac-
ture. For all three kitchens, we analyzed the typical
composition: one high sideboard, three low sideboards
and two hanging cabinets.

In the first part of the analysis of ecological qua-
lity of the kitchens, we used the method of life cycle
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Figure 1 Drawing of studied elements in the kitchens
Slika 1. Skica elemenata promatranih kuhinja

analysis. When the life cycle of the products is estima-
ted, the current condition in the company must be
analyzed first. In this analysis it is necessary to esta-
blish the quantities of raw materials, materials, energy
and other substances entering the production process,
and the quantities of production emissions into water,
air and soil.

We acquired the information on some most im-
portant parameters that influence the evaluation of eco-
logical suitability of individual kitchens in the com-
pany and this is the subject of this research. Where the
data could not be defined in numbers, we used expert
evaluations. From the acquired data, a basis of input
information was created for the evaluation of ecologi-
cal quality of the three kitchens during their life cycle.
The data are presented in Table 1 and Table 2.

In Table 1 and Table 2, the sign »-« means that a
certain substance is not used or consumed for this pro-
duct, and sign »?« means that no information could be
obtained for a certain ecological parameter.

In the second part of the analysis of ecological
quality of kitchens, the ABC analysis was used. The
analysis was modified for the research needs by intro-
ducing two additional classes (AB and BC) next to
three classical ones (A, B and C). For individual ecolo-
gical parameters, an expert inter-disciplinary group,
formed especially for this assignment, determined the
weight or so-called ponders. For raw materials, mate-
rials, energies and other substances that make part of
the production products, the focus was on the additio-
nal materials, such as mastic, bark-liquor, varnishes,
glues, solvents, foils and grinding paper. For emissions
that are generated in the production process and go into
soil, water and air, the most weight was given to waste
waters, which present a big problem in wood industry
due to the above mentioned materials.
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Table 1 Input information for the analysis of ecological quality of kitchens: Quantity of raw materials, energy and other
substances entering the production process
Tablica 1. Unos podataka za analizu ekoloske kvalitete kuhinja: koli¢ina sirovina, energije i drugih tvari koje ulaze u

proizvodni proces

Kitchens / Kuhinje
1 2 3
wood / drvo massive / ¢jelovito drvo m’ 0.0003 0.0042 0.0029
particleboards / iverice m? 0.4379 0.2416 0.3327
veneer / furnir m? 0.0032 - -
fibreboard / viaknatice m? 0.0187 0.0435 0.0298
cardboard / karton kg 20.37 42.59 31.12
metal / metal hardware / hardver g 1433 5835 4779
screws / vijci g 256 212 686
synthetic materials polymeric materials / polimerni materijali kg 1.42 1.80 2.62
sinteticki materijali glass / staklo kg 1.57 1.60 1.35
additional materials mastic / smola kg 0.012 0.087 0.032
pomocni materijali bark-liquor / kora drva u tekuc¢em stanju kg 0.23 0 0.05
varnish / lak kg 0.07 4.93 2.12
glue / ljepilo kg 0.43 0.22 0.32
solvents / otapala kg 0.12 0.20 0.10
foils / folije m? 0.16 1.91 1.82
grinding paper / brusni papir m 1.4 2.2 2.8
packaging / pakiranje cardboard / karton kg 0.60 0.69 0.74
wood / drvo kg 0.33 2.90 1.71
synthetic materials / sinteticki materijali kg 0.23 1.09 1.66
energy / energija electric energy / elektricna energija kWh 53.6 59.9 65.2
heating energy / | oil / ulje 1 - - -
toplinska energija gas / plin m? - - -
wood / drvo m’ 0.187 0.139 0.202

The six members of interdisciplinary expert group
placed the ecological parameters into groups A, AB, B,
BC and C. They considered the permitted limit values
for the ecological parameters specified by applicable re-
gulations and standards. For other ecological parameters
decisions were based on intuition. Intuition can help de-
cision makers, especially when they deal with non-stan-
dard situations or in expedient decision making.

The evaluations of modified ABC analysis are
shown in Table 3.

The third part of the analysis involved the imple-
mentation of multi-criteria decision-making model. In
our case, the considered variants were three kitchens.
First it was necessary to determine the criteria for deci-
sions and implement a decision-making tree. In the
structure of the tree, we included all ecological param-
eters from Table 3. This way we obtained a decision-
making tree, presented in Figure 2.

The modified groups that we used for ABC analy-
sis were also used for estimating the values. Then deci-
sion-making (if-then) rules were established. The de-
veloped model was inserted into the computer program
DEXi, where the solution was obtained as presented in
Figure 3.

The results show that in final evaluation the ki-
tchens were given different values. From the aspect of
ecological quality, “kitchen 17 is the most suitable and
on the basis of the research results it can be graded as
ecologically acceptable. It is followed by “kitchen 3”,
which is ecologically questionable, and “kitchen 2 got
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the worst results and was estimated as ecologically
problematic.

On the basis of the obtained results, the company
can reconsider the use of certain materials and raw ma-
terials and the general assortment of products in the
future. A strategic decision would be to stop producing
“kitchen 2 and modify the procedures for making “kit-
chen 3” in order to improve its ecological quality.

Evaluation of ecologic quality

Procjena ekoloske kvalitete
output / izlaz

solid waste
kruti otpad

input / ulaz

4 wood / drvo ‘

4 metal / metal ‘ waste waters

otpadne vode

| |synthetic substances
sinteticki materijali

waste air
zagadeni zrak

| | additional materials
pomocni materijali

energetic emissions | |
energetske emisije

packaging
pakiranje

energy
energija

Figure 2 Decision-making tree for multiple criteria
decision-making
Slika 2. Drvo odlucivanja pri multikriterijskom odlucivanju
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Table 2 Input information for the analysis of ecological quality of kitchens: Quantities of production emissions into water,

soil and air

Tablica 2. Unos podataka za analizu ekoloske kvalitete kuhinja: koli¢ina emisija koje izlaze iz procesa proizvodnje i koje

ulaze u vodu, tlo i zrak

Kitchens / Kuhinje
1 2 3
solid waste / kruti otpad m3 0.18 0.03 0.09
waste waters / otpadne vode sanitary / sanitarne m? 0.07 0.09 0.10
industrial / industrijske m?3 0.08 0.12 0.07
waste air / onecisc¢eni zrak CO, mg/h ? ? ?
CO mg/m’ 489 600 560
SO, mg/m? ? ? ?
NO, mg/m? 95 120 250
HC g 290 420 320
steam / para mg/m? 15 20 15
energy emissions / energetske emisije | noise / buka dB 44 53 45
waste heat / izgubljena toplina MW 1.0 0.7 0.4
Table 3 ABC analysis of three kitchens from the aspect of their ecological quality
Tablica 3. ABC analiza triju kuhinja sa stajalista njihove ekoloske kakvoce
Ecological parameters / Ekoloski parametri Ponder | Kitchens / Kuhinje
% 1 2 3
Quantity of raw materials, materials, energy and other substances that enter into the 50
production process / Kolicina sirovina, energije i drugih tvari koje ulaze u proizvodni proces
wood / drvo 3 BC* | B B
metal / metal 3 C B B
synthetic substances / sinteticki materijali 12 BC B AB
additional materials / pomo¢ni materijali 20 BC | AB | B
packaging / pakiranje 2 C B BC
energy / energija 10 C C C
Quantities of production emissions into water, soil and air 50
Kolic¢ina emisija, koje izlaze iz procesa proizvodnje i ulaze u vodu, tlo i zrak
solid waste / kruti otpad 5 BC C C
waste waters / otpadne vode 20 B | AB| B
waste air / onecisceni zrak 15 B | AB | AB
energy emissions / energetske emisije 10 C BC C

*The meaning of class marks in Table is as follows: A — ecologically unacceptable, AB — ecologically problematic, B — ecologically questiona-
ble, BC — ecologically acceptable, C — ecologically irreproachable, / Oznake u tablici oznacavaju: A — ekoloski neprihvatljivo, AB — ekoloski

problematicno, B — ekoloski upitno, BC — ekoloski prihvatljivo, C — ekoloski besprijekorno.

kitchen 3
kuhinja 3

kitchen 2
kuhinja 2

kitchen 1
kuhinja 1

T T T T

ecologically ecologically ecologically ecologically

unacceptable problematic questionable acceptable
ekoloski ekoloski ekoloski ekoloski

neprihvatljiv problematican upitan prihvatljiv

Figure 3 Results of research on ecological quality of three kitchens
Slika 3. Rezultati istrazivanja ekoloske kvalitete triju kuhinja
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4 CONCLUSION
4. ZAKLJUCAK

In the research, we analyzed the ecological quality
of three kitchens from a well known manufacturer. We
implemented a methodology based on three scientific
methods: the method of life cycle analysis, ABC analy-
sis, modified for our case, and the multi- decision-making
method. The results of the research have shown that, for
the same manufacturer, there are great differences from
the aspect of ecological quality in their production and
sales program. The three studied kitchens are burdening
the environment very differently during their life cycle.
The company can profit from the results of this research
and use them in order to improve their competitive
advantages on the demanding global market.

On the basis of the results of studying the ecolo-
gical quality of timber products, the products or groups
of products that meet the environmental requirements
should be marked with a suitable ecological label in the
future. This way the customers would know that such a
product is more environment friendly in comparison
with other products, which can be one of the decisive
criteria for selection and purchase for ecologically
aware customers.

The used methodology presents an innovative
approach to solving ecological problems in companies
and is a basis for adopting optimal strategic decisions,
connected with ecological quality of the products. In
our case, it was used for the evaluation of kitchens, but
it is also suitable for the analysis of other products.
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ABSTRACT e In this study, the formaldehyde emission (FE) from different types of particleboard, medium density
fiberboard (MDF), and plywood products supplied from a commercial plant in the Czech Republic were evaluated
by gas analysis (EN 717-2) and European small chamber (EN 717-1) methods. The significant effects of manufac-
turing variables (board type and thickness) as well as different types of formaldehyde-based resins on FE mea-
sured by gas analysis were obtained. When the E1 type adhesives were employed, a wide variation in the quantity
of free formaldehyde was observed among the three product types. The FE values of plywood samples measured
by gas analysis were lower than those of the particleboard and MDF samples. The correlation between the two
methods for the particleboard and MDF were good (R*= 0.82 and 0.76, respectively) and however for plywood (R?
= 0.52) it was not convincing. FE specified in EN 717-2 was comparable with the EN 717-1 values for the same
board type and thickness as well as the resin type and below the E-emission class.

Keywords: formaldehyde emission, formaldehyde-based resins, wood-based panels, chamber method, gas analy-
sis method.

SAZETAK ¢ U radu se analizira emisija formaldehida (FE) iz razlicitih tipova ploca iverica, ploc¢a vlaknatica
srednje gusto¢e (MDF) i furnirskih ploca nabavljenih od komercijalnih proizvodaca u Republici Ceskoj. Emisija
formaldehida odredena je primjenom dviju metoda — analize plinova (EN 717-2) i male europske komore (EN
717-1). Istrazivanja su pokazala signifikantan utjecaj proizvodnih parametara ploca (vrste i debljine ploca) i vrste
upotrijeblienoga formaldehidnog ljepila na emisiju formaldehida mjerenu metodom analize plinova. Analizom
uzoraka za koje je upotrijebljen E1 tip ljepila dobiven je Sirok raspon vrijednosti kolic¢ine slobodnog formaldehida
za tri vrste proizvoda. Vrijednosti FE furnirskih ploca nize su od vrijednosti uzoraka ploca iverica i MDF ploca.
Korelacija rezultata dobivenih dvjema razlicitim metodama dobra je za ploce iverice i MDF ploce (R*= 0,82 i
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0,76), medutim, za furnirske ploce korelacija nije uvjerljiva (R’ = 0,52). FE vrijednosti dobivene metodom prema
normi EN 717-2 usporedive su s vrijednostima dobivenim metodom prema normi EN 717-1 za istu vrstu ploce i
Jednake debljine te za istu vrstu ljepila i razinu emisije formaldehida nizu od razreda E1.

Kljuéne rijeci: emisija formaldehida, ljepila na bazi formaldehida, drvne ploce, metoda komore, metoda analize

plinova

1 INTRODUCTION
1. UVOD

In 1992, the California Air Resources Board
(CARB, 1992) identified formaldehyde as a toxic air
contaminant based primarily on the determination that
it was a human carcinogen with no known safe level of
exposure. The International Agency for Research on
Cancer (IARC, 2004) conducted an evaluation of for-
maldehyde and concluded that there is sufficient evi-
dence that formaldehyde causes nasopharyngeal cancer
in humans (i.e., in the region of the throat behind the
nose). Formaldehyde is a well known allergen that cau-
ses contact dermatitis. Formaldehyde can be free on
the material or bonded in different ways to the chemi-
cal structure. Free formaldehyde, including bonded
formaldehyde, can be released under different analyti-
cal conditions.

Wood-based panels such as plywood, medium
density fiberboard (MDF) and particleboard and the re-
sins used like urea-formaldehyde (UF), melamine-mo-
dified urea formaldehyde (MUF), and phenol-formal-
dehyde (PF) are the main sources for FE. The present
importance of such problematic results arises from the
fact that formaldehyde was the first among the six che-
mical substances considered as industrial hazards (Ta-
nabe, 2008). In 2001, the CARB initiated the develop-
ment of a regulation to reduce public exposure to
formaldehyde. The CARB regulation, effective Ja-
nuary 1, 2009, placed limits on formaldehyde emission
(FE) from wood-based panels.

Aminoplastic resins, especially UF-resins, are
the main binders used in the industry of wood-based
panels. UF-resins are fast curing resins and of unconte-
sted good performance. However, boards bonded with
UF-resins are, in general, of limited moisture resistan-
ce and emit detectable amounts of formaldehyde (Rof-
fael et al., 2010). Furthermore, concern about the emis-
sion of formaldehyde from particleboards and weake-
ning glue bond caused by hydrolytic degradation of UF
polymers have stimulated efforts to develop improved
and/or new adhesives based on UF resins.

The MUF resins with reduced melamine content
levels have been developed to improve durability and
moisture resistance properties. These low-melamine
content UF resins have been relatively popular in Euro-
pe and in the Asia-Pacific region (Parker and Crews,
1999) for many years.

Phenolic-based compounds also tend to be more
chemically stable and less susceptible to hydrolysis
than UF. Both of these characteristics are beneficial to
PF resin. This is one of the reasons why PF resins are
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considered waterproof, while UF is not (Dunky, 2005).
PF resin has generally been the resin chosen by the ma-
nufacture of exterior grade structural panels.

There are many factors affecting the FE of wood
panel products. For example, many variables such as
temperature, relative humidity, air exchange rate, loa-
ding ratio, etc. could affect the FE measurements of
wood-based panel products (Myers and Nagaoka,
1981; Myers, 1985).

Actually, many different attempts have been
made to compare the FE or to establish correlations
between methods. Sundin et al. (1987) compared four
different methods of testing the FE of particleboards,
and found good relationships between the methods
with correlation coefficients greater than 0.9. Risholm-
Sundman et al. (2007) reported that the variations
between the measured results were due to specific dif-
ferences in test conditions. Bulian ef al. (2003) also
reported that the lack of certified reference material
made it difficult to establish an inter-calibration
between test methods.

The amount of free formaldehyde observed in the
chamber under conditions that simulated mobile loa-
dings of wood product, air change rate, temperature,
and humidity relate to real wood formaldehyde levels
(Que and Furuno, 2007).

Recently, continuous methods have also been
proposed for assessing the formaldehyde release du-
ring production in the factories (Engstrom, 2007,
2008). In Europe, mainly three laboratory methods for
the determination of formaldehyde release have been
standardized and namely: 1) Extraction method called
the perforator method (EN 120, 1993), 2) FE by gas
analysis method (EN 717-2, 1994) and 3) FE by the
flask method (EN 717-3, 1996). Apart from these
methods, the FE of the boards can be measured using
the European chamber technique (EN 717-1, 2004),
which is considered to be the reference method.

Among the above-mentioned laboratory metho-
ds, gas analysis technique gained wide acceptance for
assessing the emission of formaldehyde from wood-
based panels. The European gas analysis method is
CARB-approved quality control test method (Ruffing
et al., 2010).

This study aimed to determine the effects of some
manufacturing factors on the emission of formaldehyde
from different types of particleboard, MDF and
plywood panels. The effects of board type and thick-
ness were investigated, as well as the effect of resin
adhesive type. The relationship between the European
small-chamber and gas analysis values were also re-
ported.
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2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Sample collection
2.1. Skupljanje uzoraka

Wood-based panels used in this study were parti-
cleboard, MDF and plywood, with thickness of 12 mm
(T12), 16 mm (T16) and 18 mm (T18), supplied from
commercial plants in the Czech Republic. Samples of
particleboards (500 mm x 500 mm) were cut at the mill
from three full-sized boards (2840 x 1830, 2750 x 1830
and 2810 x 1810 mm) from each thickness type of un-
coated (P2), laminated (PL) and veneered (PV) parti-
cleboards, respectively. In addition, the uncoated MDF
(MDF) samples were cut from 2750 x 1840 mm boards
for each thickness. The laminated MDF (MDFL) sam-
ples were taken from the boards with dimension 2750
% 1840 mm for T16 and T18 and from 2440 x 1220 mm
for T12, respectively; and these boards were laminated
with high-pressure laminate.

The uncoated plywood samples used in interior
application (PLY) were cut from each of the three pa-
nels with dimensions 250 x 125 cm of T12, T16, and
T18. These panels were produced from beech veneers.
Samples of plywood with T12 and T18 used in con-
struction applications (PLYs) were cut from panels
with dimensions 125 % 250 cm and produced from bir-
ch veneer and with T16 panels they were produced
from poplar veneer. The sampling was done in accor-
dance with standards EN 312 (2003), EN 622—1 (2003),
and EN 13986 (2002). These standards were designed
for testing the requirements of wood-based panels.

All the samples were delivered to the laboratory
of Timber Research and Development Institute in Pra-
gue, Czech Republic. The delivered samples were
wrapped with polyethylene film prior to being cut into
test specimens in order to measure the FE with EN
717-1 and EN 717-2.

The plywood samples are conditioned for 4 weeks
at 20 °C and 65 % RH before measuring the FE by EN
717-2 according to German Federal Health Office (BGA,
1977). Particleboards and MDF samples were analyzed
directly after opening the polyethylene film and sealing
the edges (Risholm-Sundman et al., 2007).

The different types of particleboard and MDF
were produced for many different purposes, especially
for the manufacture of furniture and interior equip-
ment. MDF is produced from spruce wood fiber, bon-
ded together with MUF resin. The three types of parti-
cleboard panels used in this study were bonded with a
high quality wholesome UF resin and produced from
spruce particles. The veneered particleboards are made

from the European oak decorative veneer, which is
pressed onto the board on both sides. PLY panels were
bonded with MUF resin adhesive and PLYs panels
were bonded with PF resin. The numbers of different
types of particleboard, MDF and plywood samples for
gas analysis and European small-chamber tests were
determined according to board thickness (Table 1).

2.2 Free formaldehyde test methods
2.2. Metode odredivanja emisije formaldehida

To determine the FE, the European small-cham-
ber and gas analysis methods were employed as speci-
fied in the standards EN 717-1 (2004) and EN 717-2
(1994), respectively.

2.2.1 Gas analysis method (EN 717-2)
2.2.1. Metoda analize plinova (EN 717-2)

In the gas analysis method, a test piece of 400
mm % 50 mm X board thickness was placed in a 4-litre
cylindrical chamber with controlled temperature (60 +
0.5 °C), relative humidity (RH < 3%), airflow (60 + 3
1/h) and pressure. Air was continuously passed through
the chamber at 1L/min over the test piece, whose edge
was sealed with self-adhesive aluminum tape before
testing. The determinations were made in duplicate
using two different pieces and actual formaldehyde
value was the average of two pieces after 4 hours expre-
ssed in mg HCHO/m*h. These determinations were
repeated, as samples were available, for better homoge-
neity of the results. The E1-emission class for all types
of wood-based panels is < 3.5 mg/m*h.

2.2.2 Small-chamber method (EN 717-1)
2.2.2. Metoda male komore (EN 717-1)

In the European small-chamber method, two test
pieces (0.2 m x 0.28 m x board thickness) were cut
from 500 mm x 500 mm samples for each wood pro-
duct with a total area of 0.225 m?for free formaldehyde
measurement by chamber method (0.225 m? in volu-
me). The samples were not conditioned before the test.
The loading factor was 1 m?/m’, so that the edges were
partly sealed (1.5 m open edge/m?), where the edges of
two pieces were sealed with aluminum foil to obtain a
constant ratio of the length (U) of the open (unsealed)
edges to the surface area (4), so that U/A = 1.5 m/m?.
The temperature was held at 23 + 0.5 °C and the RH at
45 + 3 %. Formaldehyde released from the test pieces
mixes with the air in the chamber, and a specified volu-
me of air is drawn from the chamber twice a day. Sam-
pling is periodically continued until the formaldehyde
concentration in the chamber has reached a steady-sta-
te. The result of the test is given after 2-4 weeks as the

Table 1 Number of specimens used for gas analysis and small chamber tests
Tablica 1. Broj uzoraka upotrijebljenih za metodu analize plinova i test male komore

‘Wood-based panels Particleboards Fiberboards Plywoods

Drvne ploce Ploce iverice Ploce vilaknatice Furnirske ploce
board type / tip ploce P2 PL PV MDF MDFL PLY PLYs
Thickness, mm / debljina, mm 12-18 12-18 12-18 12-18 12-18 12-18 12-18
Number of samples |EN 717-2 36 22 24 28 26 20 22
broj uzoraka EN 717-1 6 6 6 6 6 6 6
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steady-state emission value (mg/m?) or ppm. The E1-
emission class for all types of wood-based panels is <
0.1 ppm (0.12 mg/m® of air).

The formaldehyde amount in the water from both
methods was determined photometrically by acetylace-
tone spectrophotometric analysis. This technique, as
described by Nash (1953), is widely applied and is a
standard procedure for the specific analysis of free for-
maldehyde. The determination is based on the Hantz-
sch reaction, in which aqueous formaldehyde reacts
with ammonium ions and acetylacetone to yield dia-
cetyldihydrolutidine (DDL).

2.3 Statistical Analyses
2.3. StatistiCke analize

In order to achieve the study aims; the formal-
dehyde values measured by gas analysis method were
statistically analyzed. Analysis of variance (ANOVA)
with different repetitions was used to test for signifi-
cant difference of factors and levels. When the ANO-
VA indicated a significant difference among factors
and levels, a comparison of the means was done em-
ploying a Duncan’s multiple-range test (1954) at 0.05
level of probability. Formaldehyde values are reported
as least square means (LS Means) with 95 % confiden-
ce intervals (95 % CI). Linear correlations were ap-
plied to the gas analysis versus European small cham-
ber values using the CORR option. Analyses were
performed by SAS version 8.2 (2001) Statistical Analy-
sis System software.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Gas analysis values
3.1. Vrijednosti dobivene metodom analize plinova
The values of FE measured by gas analysis were
very significantly affected by board type (P < 0.001),
board thickness (P < 0.001) and the interactions
between them (P < 0.001) for almost all wood-based
panels types used in this study (Table 2). For MDF
boards, the interaction between them had a significant
effect (P < 0.05).

The overall comparisons between the means of FE
from different types of wood-based panels bonded with
different formaldehyde-based resin are presented in Ta-
ble 3. The FE of particleboard was the highest in PV T18
and PV T16 (2.52 and 1.68 mg/m*h, respectively) fol-
lowed by PV T12 (0.96 mg/m>h), whereas the PL T12
had the lowest amount of FE (0.23 mg/m?h). The FE
from fiberboards showed a high amount presented in
MDF T18 (0.77 mg/m*h) followed by MDFL T18 (0.61
mg/m?>h). The PLY T18 had a high amount of FE (0.35
mg/m?h) and the PLY's T12 had the lowest amount of FE
(0.11 mg/m*>h) from plywood panels studied. The con-
centration of FE in PLY (it ranged from 0.16 to 0.35 mg/
m*h) had a higher value than the concentration of FE
from PLYs (it ranged from 0.11 to 0.25 mg/m*h) and this
could be explained in the use of different glue types.

All values measured for the different types of
wood-based panels used in this study were below the
standard limit E1 specified in EN 717-2. Moreover, it
has been shown that the applications of laminating
over the boards were responsible for decreasing the
emission of formaldehyde from the particleboard and
MDF, and also for increasing FE due to the increase of
the board thickness.

3.2 Small-chamber values
3.2. Vrijednosti dobivene metodom male komore

For the sake of comparison, the European small-
chamber values that were obtained for almost all the
boards examined - particleboard, MDF and plywood,
are shown in Table 4. For particleboard samples, the
formaldehyde values ranged from 0.048 (PL T12) to
0.123 mg/m?* (PV T18) and from 0.042 (MDFL T12) to
0.087 mg/m* (MDF T18) for the fiberboards. Plywood
formaldehyde values also ranged from 0.051-0.066
mg/m* for PLY and 0.005 to 0.007 for PLYs. In this
regard, the emission of formaldehyde from the boards
is close to the emission of solid untreated wood (i.e.,
between 0.008-0.01ppm for spruce wood flakes) (Ma-
rutzky and Dix, 2004).

The last study also showed that the veneered par-
ticleboards emitted a higher amount of free formal-

Table 2 Significant levels for the effects of board type within the thickness on overall values of gas analysis of wood-based

panels

Tablica 2. Razina signifikantnosti utjecaja vrste ploce jednake debljine na vrijednosti dobivene analizom plinova za sve vrste

istrazivanih ploca

Wood-based panels Source of Variation / Izvor varijacije | Significant level / Razina signifikantnosti | R’ crv
Drvne ploce
Particleboards A ke 0.98 | 8.71
ploce iverice B wkk

AxB Tk
Fiberboards A sk 0.97 | 6.58
ploce vilaknatice B wedek

AxB *
Plywoods A ek 0.93 | 13.61
furnirske ploce B ek

A X B 3k

(*) P <0.05 (significant/signifikantno), (**) P < 0.01 (highly significant / visoko signifikantno); (***) P < 0.001 (very highly significant / vilo

visoko signifikantno).

(A) Board type / vrsta ploce, (B) Board thickness / debljina ploce, (A x B) Interaction between board type and thickness / interakcija izmedu

vrste ploce i debljine ploce.
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Table 3 Formaldehyde emission of different types of wood-based panels (12—18 mm) measured by gas analysis method (mg/m?*h)
Tablica 3. Emisija formaldehida razli¢itih tipova drvnih plo¢a (12 — 18 mm) mjerena metodom analize plinova (mg/m?-h)

Board type / Tip ploce | Resin type / Vrsta ljepila Thickness / Debljina
T12 T16 T18

P2 UF (0.67£0.16)* (0.63 £0.09) % (1.68+0.02)°

PV (0.96+0.02) “ (1.19£0.02) ¢ (2.52+£0.02)“

PL (0.23+0.02) km (0.54 £ 0.08) &" (0.84£0.03) ¢

MDF MUF (0.38+0.03) 7 (0.47 £0.05) " (0.77 £0.03) ¢

MDFL (0.29 £0.02) #* (0.32+£0.01)* (0.61 £0.01)%

PLY MUF (0.16 £ 0.01) o= (0.37+£0.01)% (0.35+0.06) 7

PLYs PF (0.11 £0.01)" (0.25+£0.01) ¥ (0.15+£0.01) ™

(*) Values (mean + SD) / vrijednosti (srednja vrijednost + standardna devijacija).
Different letters represent statistical differences between the averages of the values. Means with the same letter are not significantly different
at 0.05 level of probability according to Duncan’s multiple test. / Razlicita slova oznacavaju statisticki signifikantnu razliku izmedu srednjih
vrijednosti. Srednje vrijednosti s istim slovom nisu statisticki signifikantno razlicite na razini signifikantnosti 0,05 prema Duncanovu testu.

Table 4 Formaldehyde emission of wood product (12—18
mm) measured by chamber method (ppm)

Tablica 4. Emisija formaldehida iz razlicitih tipova drvnih
ploca (12 — 18 mm) mjerena metodom komore (ppm)

Wood-based Board type Thickness, mm
panels Tip ploce Debljina, mm
Drvne ploce T12 Ti6 |TI18
Particleboards P2 0.074 |0.076 |0.083
ploce iverice PV 0.082 |0.087 |0.123
PL 0.048 |0.049 |0.079
Fiberboards MDF 0.050 |0.077 |0.087
ploce viaknatice MDFL  [0.042 |0.052 |0.065
Plywoods PLY 0.051 |0.063 |0.066
furnirske ploce PLYs 0.005 [0.006 |0.007

dehyde than the uncoated and laminated boards. Mo-
reover, the plywood panels used in construction had
the lowest FE concentration. All the values of the te-
sted wood-based panels measured by EN 717-1 and
EN 717-2 were below the El-class emission.

The FE values of plywood samples measured by
the gas analysis method were lower than those of the
particleboard and MDF samples. Our results were in
agreements with Park et al., 2010, who found that the
emission of formaldehyde from plywood samples mea-
sured by the 1-m? chamber method was lower than tho-
se of particleboard and MDF samples. Furthermore,
the boards-E1, had approximately the same value for
each method. This shows that for the same kind of ma-
terial, the methods show similar results.

3.3 Effect of different types of formaldehyde-
based resins
3.3. Utjecaj razlicitih tipova formaldehidnih ljepila

By introducing the above experimental data of
the FE measured by gas analysis and corresponding ef-
fects of some manufacturing variables following a si-
milar procedure as described above, it was found that
the types of resins had a high effect on the FE.

As can be seen in Figure 1, a high amount of FE
measured by gas analysis method was observed from
PV/UF followed by P2/UF. Mean values showed that
the MDF/MUF emitted free formaldehyde with values
equal to PL/UF, while the MDFL/MUF had a lower
amount of FE than particleboards, and the plywood va-
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lues from PLYs/PF had the lowest amount of FE. In
addition, these results were comparable with the cham-
ber values for the same board type and thickness as
well as the resin type. It is important to point out here
that such low free formaldehyde values may be emitted
from the wood itself. At such low levels of free FE, the
boards are considered formaldehyde free.

The differences between the formaldehyde values
emitted from different types of wood-based panels due
to different formaldehyde-based resins can be explained
as follows: the reaction of urea with formaldehyde first
produces hydroxylmethyolated urea that then condenses
to yield methylene and dimethylene ether bridged urea

1.8 T 7 T

16 A Board type; LS Means | |
: N F(6, 68)=673.07*%*

1.4

1.2

1.0 / B
0.8 \

EN 717-2 value
vrijednost prema EN 717-2, mg/m*h

0.6 c & 5

0.4 —

0.2 L
0.0

0.2

PL PV P2 MDF MDFL PLYs
Board type / vrsta ploce

PLY

PL: Laminated particleboard / lamelirana iverica , PV: Veneered par-
ticleboard / furnirana iverica, P2: General purpose boards for use in
dry conditions / ploca za opéu uporabu u suhim uvjetima, MDF: Un-
coated MDF / neoblozena MDF ploc¢a; MDFL: Laminated MDF /
lamelirana MDF ploca; PLY: Uncoated plywood used in interior ap-
plication / neoblozena furnirska ploca za uporabu u interijeru; PLYs:
Uncoated plywood used in construction application / neoblozena fur-
nirska ploca za uporabu u graditeljstvu

Means with different letters are significantly different (P < 0.05). /
Srednje vrijednosti s razlicitim slovom signifikantno su razlicite (P <
0,05).

(***) very highly significant effect (P < 0.001) / vrio visoko signi-
Sfikantni utjecaj (P < 0,001)

Vertical bars denote 0.95 confidence intervals / Okomite duzine
oznacavaju 0,95 intervala pouzdanosti.

Figure 1 Comparison of formaldehyde emission measured
by EN 717-2 of different types of wood-based panels
bonded with different formaldehyde-based resins

Slika 1. Usporedba emisije formaldehida iz razlicitih tipova
drvnih ploca s razli¢itim formaldehidnim ljepilima mjerene
metodom prema normi EN 717-2
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Figure 2 Correlation between EN 717-1 and EN 717-2
values for particleboards, thickness 12-18 mm
Slika 2. Korelacija izmedu vrijednosti emisije formaldehida
dobivenih razli¢itim metodama (prema EN 717-11 EN 717-
2) za ploce iverice debljine 12 — 18 mm

polymers (Pizzi 2003; Meyer 1979). Although these
reactions are not likely to produce the other formal-
dehyde-containing wood adhesives, the UF polymers
were distinct as they are susceptible to hydrolysis under
some normal conditions used (Myers, 1986).

In accordance with Dunky (2005), the stability
against hydrolysis that increased in MUF may be due
to stabilization of the C-N-bonding that resulted from
the quasi-aromatic ring structure of the melamine and
slower decrease of the pH in the bond line and due to
the buffer capacity of melamine. In addition, the C-C
bonding in the PF resins was very stable against
hydrolytic attack.

3.4 Relationship between gas analysis and small-
chamber values

3.4. Odnos izmedu vrijednosti dobivenih metodom
analize plinova i metodom male komore

Linear correlation analyses made between the
gas analysis (Y) and the corresponding average small-
chamber values (X) were affected by board type, board
thickness, and formaldehyde-based resins for particle-
board (Figure 2), MDF (Figure 3) and plywood panels
(Figure 4). The regression equations (Y = 24.74 - X —
1.213, R? = 0.82, P < 0.001 for particleboard panels
measured at P2, PV and PL), (Y=9.477 - X—-0.115, R*
=0.76, P <0.05 for the influences of MDF and MDFL),
and (Y=2.635 - X—0.144, R? = 0.52, P < 0.05 for the
effect of PLY and PLYs) suggested that the emissions
of formaldehyde resulted from the free formaldehyde
or from hydrolysis of the cured resin that might be at-
tributed to board type and thickness levels and diffe-
rent types of resin. The correlation between the gas
analysis and the European small-chamber methods was
not convincing for plywood panels, the obtained R’ va-
lue was 0.52 (see Figure 4) and it was probably related
to the difference in the resins used.

4 CONCLUSIONS
4. ZAKLJUCCI

Samples of particleboard, MDF and plywood pro-
ducts were obtained from commercial plants that pro-
duce more than 70 % of the capacity in the Czech Repu-
blic. These samples were used in well-controlled
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Figure 3 Correlation between EN 717-1 and EN 717-2
values for fiberboards, thickness 12-18 mm

Slika 3. Korelacija izmedu vrijednosti emisije formaldehida
dobivenih razli¢itim metodama (prema EN 717-1 1 EN 717-
2) za ploce vlaknatice debljine 12 — 18 mm
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Figure 4 Correlation between EN 717-1 and EN 717-2
values for plywood, thickness 12-18 mm

Slika 4. Korelacija izmedu vrijednosti emisije formaldehida
dobivenih razli¢itim metodama (prema EN 717-1 1 EN 717-
2) za furnirske ploc¢e debljine 12 — 18 mm

chamber tests (small chamber and gas analysis) to esti-
mate the formaldehyde emissions. The European testing
of the emitted formaldehyde and evaluation system is
based in principle on EN 717-1 but in practice, it is car-
ried out by derived test methods like EN 717-2.

A wide variation in the quantity of free formal-
dehyde was observed among the three product types. It
was clear that the variations between the different va-
lues of formaldehyde emissions observed in both
methods were resulted from board type and thickness
as well as the resin type. In addition, the other factors
like edge sealing and test temperature, which have a
large effect on the final emission result, should be taken
in consideration.

Similar values of free formaldehyde observed in
this work are reported for EN 717-1 and EN 717-2.
Moreover, all values measured were below the stan-
dard limit E1 for EN 717-1 and EN 717-2.

The correlation between the gas analysis and the
chamber for the particleboard and MDF were good (R’
= 0.82 and 0.76, respectively) and for plywood (R?=
0.52), however, it was not convincing.

Finally, emissions of formaldehyde are expected
to decrease with the decrease of the coated wood-based
panels and board thickness. Results reported in this
study apply to freshly manufactured materials.

DRVNA INDUSTRIJA 62 (3) 177-183 (2011)
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ABSTRACT e This paper is focused on the area of motivation and motivational programs for employees in
the wood industry and in other manufacturing enterprises (engineering, food, chemical and textile). The main
objective of this paper is to compare the motivation of employees within manufacturing companies of various
categories. We analyzed the current state of motivation of employees within manufacturing companies throughout
Slovakia. The analysis was made of 21 enterprises with 2 576 employees in different job positions. The order of
importance was made for 30 selected motivational factors in wood industry and other manufacturing enterprises.

The evaluation of statistical correlation between the two compared groups was made by use of the Spearman cor-
relation coefficient, by which statistical dependence was defined between the category of workers and the category
of technical-economic employees. The results show fundamental difference of the importance of motivational fac-
tors within technical and marketing staff of woodworking companies and other manufacturing companies. In the
category of workers, diversity of the importance of motivational factors is less significant. Our analysis showed
that in a long period of time all employees keep their motivation at a constant level.

Key words: Employee motivation, motivational program, methods of motivation analysis
SAZETAK ¢ Rad je usmjeren na motivaciju i motivacijske programe zaposlenika u drvnoj industriji i drugim proiz-
vodnim poduzeéima (strojogradnji, proizvodnji hrane, kemijskoj i tekstilnoj industriji). Osnovni cilj rada bio je us-

! Authors are associate professor and assistant at Faculty of Wood Science and Technology, Technical University of Zvolen, Zvolen, Slo-
vakia.
! Autori su izvanredni profesor i asistentica Fakulteta znanosti o drvu i drvne tehnologije Tehni¢kog sveucili$ta u Zvolenu, Zvolen, Slovacka.
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porediti motiviranost zaposlenika u razlicitim proizvodnim poduzec¢ima. Analizirano je trenutacno stanje motivi-
ranosti zaposlenika u vise proizvodnih poduzeca na podrucju Slovacke. Istrazivanjem je obuhvaceno 21 poduzece
s ukupno 2 576 zaposlenika na razlicitim radnim mjestima. Za 30 odabranih motivacijskih cinitelja odreden je
redoslijed vaznosti u drvnopreradivackoj industriji i drugim proizvodnim poduzeéima. Ocjena statisticke pove-
zanosti dviju usporedenih skupina poduzeéa napravljena je primjenom Spearmanova koeficijenta korelacije za
dvije skupine zaposlenika — skupinu radnika i skupinu tehnicko-ekonomskog osoblja. Rezultati su pokazali bitnu
razliku glede motivacijskih cinitelja vaznih za tehnicko-ekonomsko osoblje drvnoindustrijskih poduzeéa u odnosu
prema drugim proizvodnim poduzec¢ima. U skupini radnika, razlic¢itost vaznosti motivacijskih cinitelja manje je
naglasena. Na temelju dobivenih rezultata i promatrajuci dulje razdoblje, moze se zakljuciti da radnici zadrzavaju

Jednaku razinu motiviranosti.

Kljucne rijeci: motiviranost zaposlenika, motivacijski program, metoda analize motivacije

1 INTRODUCTION
1. UVOD

The existence of the enterprise, its prosperity and
dynamic progress are primarily affected by the quality
of human resources. Prosperous enterprises realize that
the most profitable capital of the enterprise is its em-
ployees and their motivation, through which an enter-
prise can successfully meet its objectives. All organiza-
tions are interested in the options, ways and means that
could improve the quality of its employees. This effort
can only give good results on the basis of systemically
conceived management of human resources, which re-
presents coherent and comprehensive approach to en-
suring a mutually supportive policy and practice of
employing people.

The uniqueness of human resources, as the con-
tributor of all values, requires that the potential of all
employees be used judiciously and developed so as to
continue to bring new value. Effective functioning and
development of employees requires systematic evalua-
tion and motivation and related evaluation and motiva-
tional processes. Programs are mostly used that repre-
sent specific definition of the system for dealing with
people in an enterprise with a relatively strong focus on
positive impact on the work performance of employees
(Zamecnik, 1999).

As motivating employees is highly impacted by
different motivational factors, the manner in which in-
dividual managers try to motivate individual em-
ployees, teams and organizations is different. Some of
them are focused on the rationality and orderliness,
others require from employees to handle more difficult
processes and some others use self-realization as a ba-
sic human need. At present, motivation process in most
manufacturing enterprises does not cover all their nee-
ds. Business environment and its existence are largely
dependent on the use of all business activities. Motiva-
tion will be required in every area of business activity
for achieving the important objectives. Most busines-
ses, however, have only unified motivational programs
for all levels of their employees.

1.1 Actual situation of employee motivation in
manufacturing enterprises

1.1. Aktualna situacija motiviranosti zaposlenika u
proizvodnim poduzeéima
Surveys of motivational structure of employees

should accept the general understanding of motivation

186

theory (the theory of needs, attitudes expected) and
should be one of the first gradual steps in developing a
motivational program in an organization. Together with
other methods of psychological and sociological sur-
veys, it allows to evaluate motivational effects. Without
this basic knowledge, the construction and implemen-
tation of the proposed measures are only accidental
processes (Potkany, 2004).

Work performance is affected by a number of
factors. Some have a significant impact on the level of
motivation, others have less impact. The effect of many
factors is of contingent nature depending on the envi-
ronment and work situations in which they apply. In
terms of motivating performance, some of the most im-
portant factors are rewards and sanctions, which mainly
mobilize human behavior. Speaking of rewards, people
usually think of money. It should be noted, however,
that although money is an important factor, it has the
strongest effect, as a rule, only the first month. Then the
enterprise must focus on other factors leading to the
motivation of employees.

At the beginning of this research, we assumed
that the work motivation factors (money, physical en-
vironment, work content, work team, level and style of
management, job satisfaction, personality and leader-
ship and identification with the work) would be domi-
nant for achieving good work results, and that em-
ployees would be motivated in the process of Maslow’s
hierarchy of needs. After completing the analysis and
summarizing the results, we can conclude that there is
a high diversity of assumptions regarding motivational
factors, the actually used motivational factors in busi-
nesses and the actual requirements of the analyzed
groups of employees. The objective of our work is to
confirm the hypothesis of the importance of financial
motivation factors and job security as the dominant
motivating factors in all categories of employees in
woodworking, as well as other manufacturing compa-
nies.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

Motivational programs (both individual and
group) are often used in enterprises as a part of adapta-
tion programs to keep employees’ performance at the
required level. The motivational program must be tai-
lored to corporate culture and enterprise opportunities
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(Ruzi¢ka and Drazska, 1992). In our organizations,
motivational programs are elaborated in detail only
exceptionally. Their execution and incorporation into
enterprise internal documents is expected to change to-
tal access to the role of employees in the enterprise. It
would be ideal to create a motivational program tailo-
red to each employee, and however this would be eco-
nomically unfeasible and time demanding. On the other
hand, production of surface motivational programs
may miss action because of differences in motivational
orientation of individual employees. In many cases
there are small differences in the motivational profile
of employees who may have a significant impact on the
overall performance. In our work, on the basis of past
experience and by scientific and statistical methods, we
tried to design a model that can be used in enterprises
with similar motivation-oriented group of employees.

First of all, analysis was made of enterprises of
wood production in first-stage and then also in second
stage processing of raw wood material in the region of
Central Slovakia. Then we analyzed manufacturing en-
terprises with other business objects, e.g. mechanical
engineering, food, chemicals and textile. We have also
used the questionnaire method, which allows collec-
ting in a short time large quantity of information. The
questionnaire is one of the specific methods used in so-
cial sciences. It is the method for collecting data by
posing questions to people. It is suitable for the mass
data collection for statistical processing. This makes it
possible to capture all views, positions, interests, etc.
The basic condition for an effective questionnaire is
the exact presentation of the goal and tasks of the que-
stionnaire in relation to the selected problem. It is a
relatively quick and easy method. Compared with other
analytical methods it has many advantages. One of the
best advantages is that respondents are open and rela-
xed in expressing their opinion as questionnaires are
anonymous. Compared to a personal interview, the
questionnaire is less stressful and the answers are not
largely influenced by the atmosphere and environment.
By using a questionnaire, it is also possible to analyze
basic information about respondents, such as age, years
of work experience, education and so on.

Another method for comparing the motivation
levels is the cluster analysis. Given that the system of
employee motivation is based on a distribution of crite-
ria into disjunctive groups according to homogenous
characteristics, the final assessment of the employee
groups use cluster analysis (CLUA), where by the use
of appropriate algorithms, we can work towards the
creation of different groups to which individual em-
ployees can be included (And¢l, 1985). Cluster analy-
sis can be used to explore the possibility of creating
types of motivational programs, and it can also provide
the possibility of drawing up unified motivation pro-
grams for groups of managers with similar motivation
profile. The objective of the analysis is to detect
whether, based on measurement of similarity of re-
spondent responses to the questionnaire, groups of em-
ployees can be distinguished with a similar motivatio-
nal factor. This could be the basis for elaborating
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uniformity of motivational programs aimed at simpli-
fying and making more effective the application of mo-
tivational schemes in practice. Furthermore, cluster
analysis can also be used to further verify the structure
and order importance of motivation criteria. A large
number of clustering techniques recommend the use of
hierarchical clustering method called Ward method for
measuring the degree of similarity of answers of indi-
vidual respondents in the simplest way, using the so-
called Euclidean distance.

Analysis was made of a total of 21 enterprises
with 2 576 employees of different job positions. 30 se-
lected motivational factors were ranked according to
their importance within wood-working enterprises and
other manufacturing enterprises. We explored the stati-
stical dependence between the two orders in the cate-
gory of workers and technical-economic employees.
As in our case there are no quantitative data, but only
qualitative ones, to assess the statistical significance of
correlation between the two compared groups, we have
used the Spearman correlation coefficient, which is of-
ten used as serial correlation coefficient in assessing
the statistical dependence of data quality. Ranking was
made of dimensions X, ..., X (ranking of motivational
factors of wood enterprises) and dimensions Y/, ..., ¥,
(ranking of motivational factors of other production
enterprises). In testing the hypothesis that X' and Y, are
independent random dimensions (i =1, 2, ..., n) dimen-
sions X , ..., X were ordered by size and their sequence
0,, ..., @, was established. Spearman correlation coef-
ficient (Lohninger, 1999) was then calculated as fol-
lows: (1)

6 - 2
r=1 n(nz_l);(& 9) ©)
Where:
r,— Spearman correlation coefficient
n — number of variables (in our case 30)
R, — order dimensions X
Q, — order dimensions Y

Subsequently in the tables of critical values
(Andél, 1985, s. 234) 5% critical value of Spearman’s
correlation coefficient for » = 30 (n is the number of
motivational factors) is the value of 0.362 and 1% cri-
tical value of 0.467. In the case of workers, the calcula-
ted correlation coefficient was r = 0.813 (Table 4),
which means that the importance of motivational
factors in workers of woodworking enterprises is pret-
ty identical to the importance of motivational factors of
workers in other manufacturing enterprises. In case of
technical-economic employees the correlation coeffi-
cient was » = 0.497 (Table 3), which means that tech-
nical-economic employees in wood-working enterpri-
ses also prefer the same motivational factors as
technical-economic employees in other manufacturing
enterprises, but the match is not as good as in workers.
This can be explained by the fact that workers are not
so heavily involved in the production and economic
results of enterprises as technical-economic employees.
On the other hand, technical-economic employees are

187



Hitka, Stipalova: Comparing of Employees Motivation Level in Enterprises of Wood... «e«..

aware of a specific wood production over other manu-
facturing enterprises.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

At present, in most companies, not enough atten-
tion is paid to motivation of employees, although it is a
powerful tool to increase performance and productivi-
ty. Many enterprises have a way to motivate employees
individually, mostly by financial motivating factors,
different forms of social care, education and employee

benefits. Other enterprises find other ways to motivate
employees.

Modern personnel work and modern human re-
sources management have not been for long only a mat-
ter of personnel managers, and the tasks of personnel
management are more and more assumed by managers
at various levels, especially by the line managers. Mana-
gers at all levels are the final point where that practical
personnel work implements corporate personnel policy.
For this reason it must be provided with thorough theo-
retical and practical knowledge. It is necessary to under-
stand the importance, status and wide personnel mana-

Table 1 Order scores of motivational factors of workers and technical-economic employees of wood-working and other

enterprises

Tablica 1. Bodovi na ljestvici motivacijskih Cinitelja radnika i tehnicko-ekonomskog osoblja zaposlenih u
drvnopreradivackoj industriji i u drugim proizvodnim poduze¢ima

Sequence scores of motivational
factors / Bodovi na ljestvici
motivacijskih Cinitelja
g

s |55 |8 |Es8
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1 Workplace atmosphere / atmosfera na radnome mjestu 67 45 98 19
2 Workplace safety /sigurnost na radnome mjestu 38 50 49 27
3 Another monetary reward / druga novcéana naknada 72 48 28 44
4 Good work team / dobar radni tim 60 68 91 21
5 Physical work demands / fizicki radni zahtjevi 7 14 0 17
6 Certainty of job / sigurnost posla 83 49 63 45
7 Workplace communication / komunikacija na radnomemjestu 25 44 39 32
8 Company name / naziv kompanije 27 28 53 60
9 Possibility of applying own skills /mogucnost primjene vlastitih vjestina 15 0 56 16
10 | Performance and type of work / ispunjenje i vrsta posla 10 17 7 39
11 | Familiarity with working results achieved / upoznatost s postignutim rezultatima 8 36 18 19
12 | Working hours / radno vrijeme 25 44 0 41
13 | Working environment / radno okruzenje 15 18 14 15
14 | Working process / radni proces 20 20 14 25
15 | Work achievement / radna postignucéa 20 38 11 46
16 | Competence / kompetentnost 12 38 18 17
17 | Prestige / prestiz 0 0 0 0
18 | Access to superiors / pristup nadredenima 52 40 74 43
19 | Psychological stress / psiholoski stres 0 0 4 0
20 | Independent decision-making / neovisnost u donosenju odluka 17 31 32 33
21 | Self-realization / samorealizacija 0 0 0 15
22 | Social benefits / drustvene povlastice 35 28 11 6
23 | Fair evaluation of employee / postena ocjena zaposlenika 57 25 7 36
24 | Recognition / priznanje 12 6 0 3
25 | Company vision / vizija poduzeca 5 10 0 16
26 | Leisure / slobodno vrijeme 50 28 21 32
27 | Development region / podrucje razvoja 7 0 0 7
28 | Learning and personal growth / ucenje i osobni razvoj 0 2 7 9
29 | Business relationship to environment / poslovni odnos prema ekologiji 0 25 0 31
30 | Basic salary / osnovna placa 88 73 60 56
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gement in relation with other areas of corporate
governance. Current business environment and its exi-
stence are largely dependent on the use of all business
activities, which are able to maintain the required market
share while achieving the planned profit.

In the process of evaluation of sequence scores of
motivational factors for workers it can be seen that the-
re are more motivational factors, but their significance
and importance between wood-working and other en-
terprises is however less different. In both types there
are 2 main areas - financial (base salary and other mo-
netary reward) and work (workplace atmosphere, good
work team, access to supervisors). The evaluation of
sequence scores of technical-economic employees

shows big difference of significance and preferences of
individual motivational factors.

To compare the importance of motivational factors
in individual categories (technical-economic employees
and workers), T-test was performed. It can be concluded
from the results that the motivation profile of technical-
economic employees in wood-working enterprises is
based on relatively much less important factors (accor-
ding to technical-economic employees many motivatio-
nal factors were of little importance). Less important
factors are less frequent and there are four factors (work-
place atmosphere, good work team, access to superiors,
certainty of job) consistently considered as highly im-
portant (see Table 2 and Figure 2).

Table 2 Comparison of sequence scores of motivational factors of technical-economic employees
Tablica 2. Usporedba poretka bodova motivacijskih ¢initelja za tehnicko-ekonomsko osoblje

Other manufacturing | Wood-working
enterprises enterprises
Technical-economic employees Druga proizvodna | Drvnopreradiva-
Tehnicko-ekonomsko osoblje poduzeca cka poduzeca
Ri Qi Ri_ Qi (Ri- Qi)2
Workplace atmosphere / atmosfera na radnome mjestu 13.5 30 -16.5 272.25
Workplace safety / sigurnost na radnome mjestu 17 23 -6 36.00
Another monetary reward / druga novcéana naknada 26 20 6 36.00
Good work team / dobar radni tim 15 29 -14 196.00
Physical work demands / fizicki radni zahtjevi 11.5 4.5 7 49.00
Certainty of job / sigurnost posla 27 27 0 0.00
Workplace communication 19.5 22 -2.5 6.25
komunikacija na radnome mjestu
Company name / naziv kompanije 30 24 6 36.00
Possibility of applying own skills 9.5 25 -15.5 240.25
mogucnost primjene vlastitih vjestina
Performance and type of work / ispunjenje i vrsta posla 23 11 12 144.00
Familiarity with working results achieved 13.5 17.5 -4 16.00
upoznatost s postignutim rezultatima
Working hours / radno vrijeme 24 4.5 19.5 380.25
Working environment / radno okruzenje 7.5 15.5 -8 64.00
Working process / radni proces 16 15.5 0.5 0.25
Work achievement / radna postignuca 28 13.5 14.5 210.25
Competence / kompetentnost 11.5 17.5 -6 36.00
Prestige / prestiz 1.5 4.5 -3 9.00
Access to superiors / pristup nadredenima 25 28 -3 9.00
Psychological stress / psiholoski stres 1.5 9 -7.5 56.25
Independent decision-making 21 21 0 0.00
neovisnost u donosenju odluka
Self-realization / samorealizacija 7.5 4.5 3 9.00
Social benefits / drustvene poviastice 4 13.5 -9.5 90.25
Fair evaluation of employee 22 11 11 121.00
postena ocjena zaposlenika
Recognition / priznanje 3 4.5 -1.5 2.250
Company vision / vizija poduzeéa 9.5 4.5 5 25.00
Leisure / slobodno vrijeme 19.5 19 0.5 0.25
Development region / podrucje razvoja 5 4.5 0.5 0.25
Learning and personal growth / ucenje i osobni razvoj 6 11 -5 25.00
Business relationship to environment 18 4.5 13.5 182.25
poslovni odnos prema ekologiji
Basic salary / osnovna placa 29 26 3 9.00
Z(R[ _Qi)2 2201
i=1
r, 0.497
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Figure 1 Histogram comparing motivation of technical employees in wood processing (THZD) and other companies (THZI)
Slika 1. Histogram usporedbe motiviranosti tehni¢ko-ekonomskog osoblja u drvno-preradivackim poduze¢ima (THZD) i

drugim proizvodnim poduzeé¢ima (THZI)

For workers, the situation is similar, but differ-
rences in the frequency of occurrence of important mo-
tivational factors are smaller and generally more simi-
lar to the TH staff in woodworking business. The
difference is seen in the fact that for workers in other
enterprises the frequency of a few important factors
was higher, and it was approximately the same as the
frequency of the group of moderate factors and higher
than the frequency of factor 2-3, rated as very impor-
tant. Unlike other businesses, TH staff named two do-
minant motivational factors - job security and the basic
salary (see Table 3 and Figure 2).

4 CONCLUSION
4. ZAKLJUCAK

The most important prerequisite for a long em-
ployment is satisfaction at work and employee willin-
gness to understand the fact that the work performed is
meaningful and significant for the enterprise, intere-
sting, appropriately challenging and providing oppor-
tunities for personal development. If employees have
prospects and specific opportunities for professional
development and promotions based on the evaluation
of the quantity and quality of work performed, a long

Histogram (motivation 5v*30c)
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Figure 2 Histogram comparing motivation of workers in wood processing (RD) and other companies (RI)
Slika 2. Histogram usporedbe motiviranosti radnika u drvnopreradivackim poduze¢ima (RD) i drugim proizvodnim

poduzecima (RI)
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Table 3 Comparison of sequence scores of motivational factors of workers
Tablica 3. Usporedba poretka bodova motivacijskih ¢initelja za radnike

Other manufac- | Wood-working
turing enterprises | enterprises
Workers / Radnici Druga proizvodna | Drvnopreradi-
poduzeta vacka poduzeéa
Ri Qi Ri_ Qi (Ri_ Qi)2
Workplace atmosphere / atmosfera na radnome mjestu 25 27 -2 4.00
Workplace safety / sigurnost na radnome mjestu 28 22 6 36.00
Another monetary reward / druga novcéana naknada 26 28 -2 4.00
Good work team / Dobar radni tim 29 26 3 9.00
Physical work demands / fizicki radni zahtjevi 9 7.5 1.5 2.25
Certainty of job / sigurnost posla 27 29 -2 4.00
Workplace communication 23.5 18.5 5 25.00
komunikacija na radnome mjestu
Company name / naziv kompanije 16 20 -4 16.00
Possibility of applying own skills 3 13.5 -10.5 110.25
mogucnost primjene vlastitih vjestina
Performance and type of work / ispunjenje i vrsta posla 10 10 0 0.00
Familiarity with working results achieved 19 9 10 100.00
upoznatost s postignutim rezultatima
Working hours / radno vrijeme 23.5 18.5 5 25.00
Working environment / radno okruzenje 11 13.5 -2.5 6.25
Working process / radni proces 12 16.5 -4.5 20.25
Work achievement / radna postignuca 20.5 16.5 4 16.00
Competence / kompetentnost 20.5 11.5 9 81.00
Prestige / prestiz 3 3 0 0.00
Access to superiors / pristup nadredenima 22 24 -2 4.00
Psychological stress / psiholoski stres 3 3 0.00
Independent decision-making 18 15 3 9.00
neovisnost u donosenju odluka
Self-realization / samorealizacija 3 3 0 0.00
Social benefits / drustvene povlastice 16 21 -5 25.00
Fair evaluation of employee / postena ocjena zaposlenika 13.5 25 -11.5 132.25
Recognition / priznanje 7 11.5 -4.5 20.25
Company vision / vizija poduzeéa 8 6 2 4.00
Leisure / slobodno vrijeme 16 23 -7 49.00
Development region / podrucje razvoja 3 7.5 -4.5 20.25
Learning and personal growth / ucenje i osobni razvoj 6 3 3 9.00
Business relationship to environment 13.5 3 10.5 110.25
poslovni odnos prema ekologiji
Basic salary / osnovna pla¢a 30 30 0 0.00
>0y
i=1
r, 0.813

employment and good job performance can be ex-
pected from them. To maintain this situation, it is ne-
cessary to keep staff motivated. Since the development
of motivation may be variable sometimes, it is neces-
sary to keep the motivational needs of employees, to
analyze them and, where appropriate, to introduce in-
centive programs to update the organization.

Analysis was carried out of motivational factors of
workers that matched in a certain number of motivatio-
nal factors for different groups of employees. The im-
portance of motivational factors was then compared in
each category (white-collar employees and workers). It
can be concluded from the results that the technical-eco-
nomic employees of woodworking enterprises have
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many factors with a relatively marginal importance,
fewer medium significance factors and 4 highly relevant
factors (workplace atmosphere, good work team, access
to managers, job security). The technical-economic em-
ployees of other companies have underperforming
factors with major and minor importance (most of the
factors considered moderately important). An incentive
program designed with the emphasis on a wider range of
motivational factors would be more favorable for them.
The workers showed smaller differences in the frequen-
cy of occurrence according to the importance of motiva-
tional factors. The difference is the increasing frequency
of a few important factors, which has approximately the
same frequency as a group of moderate factors and
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factors 2-3 rated as very important. In our analysis, it
should be noted that in the long run staff should maintain
their motivational needs. Based on the analysis of the
company Slovak Power Plant, it can be concluded that a
fundamental change in motivation occurred after five
years in all job categories. This period may not be the
same for other businesses. Based on experience, regular
analysis of motivation is recommended in one year in-
terval. For the sake of objectivity, analysis of motivatio-
nal factors should be carried out systematically and the
results obtained should be compared with the prospects
of the enterprise performance and business objectives.
Economic factors should be monitored for a long period
of time (2-6 years), as well as the overall economic and
social situation.

At the beginning of the research, we assumed
that the reported motivation factors (financial motiva-
tional factors and job security) would be dominant for
achieving good work results and that employees would
be motivated in the process of Maslow’s hierarchy of
needs. After completing the analysis and summarizing
the results, we can conclude that there is a high diver-
sity of assumptions regarding motivational factors, the
actually used motivational factors in businesses and
the actual requirements of the analyzed groups of em-
ployees. The main difference is seen in the way of mo-
tivating the TH employees, where the dominant factors
are the workplace atmosphere, good work team and ac-
cess to superiors. The factor of job security has been
clearly confirmed by our research. In the category of
workers, the two main motivation factors are job secu-
rity and the basic salary, which clearly confirmed our
assumptions that these motivation factors should be
used in enterprises to maintain the required performan-
ce of employees.

192

Finally, it is necessary to emphasize the need for
continuous updating of incentive programs in accor-
dance with the development of value orientated staff,
which may vary, and to recommend the possibility of
individualisation of the general incentive program with
motivational factors related to self-realization and per-
sonal ambitions of individual employees or groups.
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ABSTRACT ¢ Experimental determination of the elastic constants of orthotropic composite materials and their
bearing capacity (strength) for furniture intended for sitting, and numerical verification of the experiment results
by analysing with the final elements, was performed on the basis of the theory of elasticity of orthotropic and aniso-
tropic composite materials. The requisite and sufficient material constants were determined in the experiments:
moduli of elasticity and Poisson's coefficients (longitudinal and tangential) and skate modulus for plain stress.
These constants, calculated by 3D measurements of deformation, are sufficient for determining the constitutive
matrix of the lamina, and for reducing stiffness of the composite irrespective of the thickness of the layers, fibre
orientation and choice of material. Experiments were conducted for the stiffness, shear and flexing of uniformly
and complexly layered beech veneer sheets, while for new materials experiments for stiffness and shear in a uni-
form orientation were sufficient.

Analysis of stiffness and deformations were conducted layer by layer, as well as by reduced volume stiffness for
multi-layered orthotropic shells of chair systems by a method of final elements by application of a composite final
element, where combined reduced membrane matrices and flexing matrices are used. Numerical verification of
the experiments, including systems of furniture intended for sitting — chairs — was conducted using the KOMIPS
software system, which contains in its library a composite final element of the sheet. Experiments with chairs were
performed with the aim of determining the stiffness of such systems, and they were confirmed by analytical results
and measurement of the real movements on selected models. The results of research provide the design, re-design,
construction and determination of the dimensions of not just chairs, but also of any other girder or surface system
based on laminates.

Keywords: optical 3D measurement, chair, shell, composite, material constants, stress, beech wood, finite elements
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SAZETAK * Na temelju teorije elasticnosti ortotropnih i anizotropnih kompozitnih materijala eksperimentalno
su odredene elasticne konstante i nosivost (¢vrstoca) ortotropnih kompozitnih materijala za namjestaj za sjedenje
te je provedena numericka potvrda eksperimentalnih rezultata analizom uz primjenu konacnih elemenata. U radu
su odredene ove konstante materijala: modul elasticnosti i Poissonov koeficijent (uzduzni i tangencijalni) te klizni
modul za naprezanje u ravnini. Te konstante, izracunane na temelju 3D mjerenja deformacija, dovoljne su za
odredivanje konstitutivnih matrica uslojenog drva i za smanjenje krutosti kompozita, bez obzira na debljinu sloje-
va, orijentaciju vliakanaca i odabrani materijal. Na uzorcima od uslojenih podjednakih bukovih furnira provedena
su eksperimentalna mjerenja krutosti, ¢vrstoce smicanja i savijanja, iako su za nove materijale dovoljina samo
ispitivanja krutosti i smicajne cvrstoce u istom smjeru.

Analiza krutosti i deformacija napravijena je sloj po sloj, kao i za smanjenu volumnu krutost viseslojnih or-
totropnih ploca za stolce, metodom konacnih elemenata, uz primjenu kompozitnoga konacnog elementa, pri cemu
se primijenjuje kombinacija reduciranih membranskih matrica i matrica savijanja. Numericka potvrda rezultata
eksperimenta, ukljucujuci sustav namjestaja za sjedenje — stolce — provedena je primjenom softvera KOMIPS, koji
u svojoj zbirci ima kompozitni konacni element za ploce. Eksperiment sa stolcima proveden je radi odredivanja
krutosti takvog sustava te je potvrden analitickim rezultatima i mjerenjima stvarnih pomaka na izabranim mode-
lima. Rezultati istraZivanja omogucuju dizajn, redizajn, konstruiranje i odredivanje dimenzija ne samo stolaca
nego i drugih nosaca ili povrsina utemeljenih na uslojenom drvu.

Kljucne rijeci: opticko 3D mjerenje, stolac, kompoziti, konstante materijala, naprezanje, bukovina, konacni elementi

1 INTRODUCTION
1. UVOD

Research into the possibilities of rational exploi-
tation of wood demands constant study of the proper-
ties of wood, wood products and new materials used as
substitutes for wood in certain areas. Wood has excel-
lent aesthetic and constructive properties, ensuring its
superiority in many fields of application. However,
wood does have some unfavourable properties limiting
its use in certain fields of exploitation. For instance,
wood has different (anisotropic) properties in different
orientations and poor durability in conditions of varia-
ble moisture. These shortcomings of wood call for a
permanent search for technological and engineering
solutions that would provide a reduction of wood ani-
sotropy and an increase in its durability. Development
of composites based on wood made of veneer sheets
creates a possibility of a considerable reduction in the
natural anisotropy of wood. Further research of possi-
bilities of expanding the use of veneer and the employ-
ment of certain advantages of veneer slabs have led to
considerable use of veneer in the manufacture of furni-
ture made of laminated wood. Laminated wood is a
product made of several sheets of veneer glued together
and i tused for diverse construction needs and shaped
differently. Thin veneer sheets are pressed together for
an exactly defined period of time, pressure and tempe-
rature. Finished in this way, laminates can be used for
various constructions, in particular the manufacture of
laminated constructive elements in furniture-making.
The types of wood used, veneer thickness, manner of
layering, regimes of pressing and processing are factors
which considerably affect the mechanical properties of
the laminate, therefore also laminated bearings as a
product.

Veneer sheets are made of at least three layers
(laminae) of veneer, with alternating sheets grain at ri-
ght angles, and layered sheets are made of several
sheets (laminae) of veneer, their fibres running in the
same direction.
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Construction of chairs can be viewed according
to a number of criteria. Viewed by the type of manufac-
ture, chairs can be made of pure wood, layered wood,
or a combination of the two, or may be woven, metal or
plastic. By the manufacturing technology, chairs are
divided into prototypes, series-production units of
mass production units. Chairs may be used for residen-
tial or public buildings. They can be used at work or for
relaxation, when due to altered functional measures
they become semi-armchairs, or full armchairs. Initial-
ly people sat on stools, chairs that had no back. When a
backrest and armrests were added to anatomically pro-
perly designed chairs, the feeling of comfort was con-
siderably enhanced. Irrespective of the material of whi-
ch they are made, problems in the manufacture of
chairs may be complex. Industrial production of ve-
neers was first mentioned in 1885 as peeled veneer. In
1834 Frenchman Charles Pikot patented a veneer-cut-
ting machine, but it was first used in 1860. The inven-
tion of a wood-peeling machine by Garant in 1944 ena-
bled the rapid rise of manufacture of plywood, where
peeled veneers are mainly used, as the so-called blind
veneers, which when glued together form plywood.
Like all new products, plywood initially did not sell
well. The decisive role in increasing the use of plywood,
as in the case of chipboards and fibreboards nowadays,
was played by the technology of manufacturing furni-
ture. The development of plywood particularly increa-
sed the value of beech wood, which had generally only
been used as firewood. Owing to its sensitivity to
drying and motivated by research in the U.S.A. for dif-
ferent industrial purposes, B. Hausmann made a signi-
ficant contribution to the use of beech wood for blind
veneers around 1910 by constructing an artificial
drying facility with an endless fabric loop for the requi-
rements of veneers.

1.1 Historical overview
1.1. Povijesni pregled

Industrial development at the end of the 19" cen-
tury, and particularly the start of the 20th, with new
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engineering solutions and the invention of the motor-
car, led to chairs acquiring revolutionary new forms. A
contribution to this was made by new materials and the
enthusiasm of people who desired a maximum level of
comfort in their cars, and chairs became a new challen-
ge, wherever they were used. Particularly prominent
were flexed solid-wood and veneer-sheet forms, as
well as upholstered furniture. Veneer laminate plates
were first made in 1850 as combinations of three or
more veneer laminas, with the grain orientations alter-
nating by 90° to make the plate harder. The manufactu-
re was developed by German American John Brlter,
who succeeded in bending the plates along all three
axes, using heat. Others commercialised the process,
while more serious experiments with the plates were
performed by Michael Thonet in 1880. Although
known more for his invention of making furniture by
bending steamed wood, Thonet is mentioned by most
of the 20" century Modernists as influencing them in
respect of work with laminated plates. Production of
the material, its flexibility and durability were per-
fected during the First World War by way of wide-
spread use in the manufacturing industries. When the
avant-garde architects and designers of the 1920s loo-
ked into the possibility of manufacturing cheap mass-
produced furniture, veneer laminate plate seemed the
ideal solution. The first breakthrough was made in
1918 by the famous Dutch designer, Gerrit Thomas
Rietveld, who used a piece of the laminate as the seat
in his famous Red and Blue chair (Figure 1).

The construction of the chair is clearly defined by
standardised wood elements, which interfuse and over-
lap mutually. The three decades that followed were
marked by numerous now classical designs in which
this material was used.

World-famous Finnish Modernist architect Alvar
Aalto was a leading force in the design of veneer-plate
furniture. Thanks to his constructive genius and the oppor-
tunities for widespread use of the material, Aalto founded
an experimental workshop in 1929. Together with his
wife Aino, Alvar manufactured prototypes and conducted
tests for four years, leading to the first-ever elastic chair
with a back in 1930, the “Pamio” (Figure 2).

While Aalto was initiating his wood laminate
experiments in Finland, Marcel Breuer, who had alrea-
dy lectured at the Bauhaus, travelled to London early in

Figure 1 “Roodblauwe” chair, with backrest, 1918
Slika 1. Stolac Roodblauwe s naslonom, 1918.
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Figure 2 Console chair with backrest, 1930
Slika 2. Konzolni stolac s naslonom, 1930.

1930 and was employed by Isokon, who specialised in
veneer laminate furniture. Breuer designed one-piece
shaped veneer laminate furniture as seen in Figure 3
around 1935.

New materials took over in the 1960s and 1970s,
but veneer laminates made their comeback in 1988,
when British designer Jasper Morisson formed his
sleek veneer plate chair for the Berlin Exhibition which
he left ‘half-finished’ with visible cut-outs of the plate,
and which was later produced by Vitra. From the 1990s
veneer sheets have again been a favourite of designers
and manufacturers. In the past two decades veneer la-
minate furniture pieces have appeared and by their te-
chnological and design quality they represent the con-
tinuation of the foundation laid in the 1930s and lasting
until the late 1950s in furniture veneer laminate furni-
ture design.

Frank O. Gehery ‘Cross Check’ chair, designed
by the architect in the period 1989-92, is perhaps the
best known for its radical organic design. Gehery expe-
rimented for three years on laminate wooden structures
with the famous firm Knoll.

In designing the chair, the objective was to make
use of the structural characteristics and flexibility of
the laminate ribbons so as to make from them every
part of the chair. The ribbons are interwoven, remini-
scent of wickerwork, only on a much larger scale. The
chair is structurally stable, flexible and durable, visual-
ly very powerful and recognisable (Figure 4).

Finally, the seating furniture with which we are
entering the 21 century is best promoted by the Azumi
team, who designed in 2002 a bench for the Italian ma-

Figure 3 ‘Organic armchair’, 1935
Slika 3. Organski naslonjac, 1935.
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Figure 4 ‘Gehery Cross Check’ chair, 1992
Slika 4. Stolac Gehery Cross Check, 1992.

Figure 5 “Volta’ bench and ‘AP’ backless chair, 2002
Slika 5. Klupa Volta i stolac AP, 2002.

nufacturer La palma made of a single piece of veneer
laminate, bent along all three axes and 120 cm long
with no extra supports, capable of seating two or three
persons, as well as a backless chair (Figure 5). The two
pieces shown represent a major design challenge in the
application of new technologies.

1.2 An overview of research and experiences
1.2. Pregled istraZivanja i iskustava

Solid-wood chairs have been the subject of re-
search of many authors, who generaly focused on their
dimensioning and constructional joints. C.A. Ecker-
man analysed the bearing strength of joints in 1966.
Tkalec and Prekrat (1997) investigated various joining
methods in chairs made of pine and beech. The experi-
mental results showed that the same joints cannot be
used with equal success for different types of wood.
Gustafsson (1999) introduced the application of final
elements in chairs and latticework furniture, with an
accent on determination of input parameters of elastic-
ity modules and Poisson numbers. Skaki¢ and
Jani¢ijevic¢ (2000) researched the strength of chairs in
the lateral apron - rear leg joints. Together with a theo-
retical analysis, by applying final elements and experi-
ments, Smardzewski and Papuga (2004), determined
stress and critical spots on the example of a chair in
exploitation. Vlaovi¢ et al. (2010) looked into defor-
mation and the seating comfort index proceeding from
the mechanical properties of a chair researched. The
influence of shear components on the magnitude of
stress in the stretching loads of a seven-lamina veneer
sheet were researched by Kljak and Brezovi¢ (2007) on
standard parallel and cross-layered veneer test-tubes.
In the cross-layering veneer, the concentration of the
stress was in the section of the test-tube between its
wider and narrower parts.

In view of the foregoing, the objective of this pa-
per is to establish the material characteristics of veneer
lamina determined by optical 3D measurement of defor-
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mations sufficient for determining the rigidity of any
veneer laminate (irrespective of fiber orientation and
layer thickness). By calculating the rigidity of concrete
composites in this manner, a stress deformation analysis
can be performed of any chair by introducing reduced
membrane stress and bending elasticity matrices.

2. MATERIAL AND METHODS
2. MATERIJAL | METODE

2.1 Determination of the requisite parameters
for calculating rigidity and stress in wood
laminate structures

2.1. Odredivanje parametara potrebnih za izracun
krutosti i naprezanja u drvenim uslojenim
konstrukcijama

The stress-deformation and the inverse deforma-
tion-stress relationships of anisotropic material bodies
made of laminated wood is shown by a theoretical con-
cept which will not be discussed in this paper. We will
deal with defining a composite material model made of
wood based on experimental determination of its mate-
rial constants. The work was conceived so that on the
basis of established models of standard methods of te-
sting composite materials an experimental determina-
tion of stretching and shearing properties is performed,
as well as the flexing properties of composite wood la-
minates. The influence of the manner of positioning the
wood fibres in composite wood laminates was assessed
in respect of several aspects, which fully describe the
behaviour under static load action.

2.2 The experimental part
2.2. Eksperimentalni dio

The experimental work was focused on two types
of laminates from which nine groups of test-tubes were
extracted for determining the mechanical properties of
the wood laminates. There is insufficient data for a
complex and uniform stacking of veneer sheets on the
basis of the experiments performed to determine all the
properties of beech laminates, which include its ortho-
tropicness similar to solid wood. The material cha-
racteristics include determination of three moduli of
elasticity, three moduli of shear and three Poisson’s
coefficients. As regards the subject covered here, we
may say that seating furniture — the chairs on which we
spend long periods of our lives and which differ accor-
ding to the place of their use, the materials of which
they are made, their construction and the technology of
manufacture — are not easy to produce. Design, engi-
neering and manufacturing technology participate in
an equal degree in the creation of a new product. Har-
monising the three and ensuring the best possible eco-
nomics always results in the best possible solution.

2.3 Determining the mechanical properties of
wood laminates by tensometry
2.3. Odredivanje mehanickih svojstava drvenih
uslojenih materijala tenzometrijom
The mechanical properties of wood (veneer) la-
minates were determined using appropriate test-tubes
extracted from laminates where veneer sheets were
layered in a complex manner (crossed fibres) - P1 (Fi-
gure 6) and uniform (parallel fibres) - P2, (Figure 7).
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Based on the experimental results the constituti-
ve matrix of elasticity equals

Ex V«U’E“ 0

(I=vyv,) (d=vy,)
17.648 09726 0
V\rEr Er 3
Q= —— . 0 [=]09726 2.136 0 [x10°MPa

(I=vyv,) (d=vy,)

0 0 1045

0 0 G,

where the material constants of the analysis com-
posites have the following values (Nestorovié, 2010).

E=17190 E=2078 G _=1145 MPa v =0.456 v =0,0565

The above values were used in specific numerical
analyses of the chair system.

2.4 Determining the properties of laminae by
optical 3D measurement of deformation

2.4. Odredivanje svojstava uslojenog drva opti¢kim
3D mjerenjem deformacija

Sufficiently accurate measurement of stress and
deformations in elements of laminates — wood-based
laminae — is an area that can be upgraded by modern
technological methods of measurement such as optical
3D measurements of deformations and the application
of measuring ribbons that contain optical fibres on one
or more laminated veneer sheets.

This method was used to verify the elasticity mo-
duli calculated by experimental research using the test-

Figure 6 P1 sheet — complex layering of veneer sheets
Slika 6. Ploca P1 — slozeno uslojavanje listova furnira

Figure 7 P2 sheet — uniform layering of veneer sheets
Slika 7. Ploc¢a P2 — jednoli¢no uslojavanje listova furnira

tubes with uniform veneer stacking, by way of the te-
sting of one lamina made of beech veneer with parallel
fibre orientation.

2.5 Equipment for testing optical 3D

measurements of deformation
2.5. Oprema za opti¢ko 3D mjerenje deformacija

This paper describes the experiment and the nu-
merical methodology of analysing the characteristics of
plastic deformations, representative for their rigidity in
real time. The equipment used for the experiments in-
cluded German-made ‘GOM’ 3D optics (Figure 8) and
‘ARAMIS’ software. The numerical analysis was per-
formed with software that applies the method of final
elements. The main question that needs to be answered
is connected to the breaking point of the lamina under
test (Figure 10) — does the deformation precede the pla-
stic behaviour, or vice versa? This paper will show how
the results of the experiment can be predicted using the
method of final elements; this is regarded as a very re-
liable supporting tool that will help designers improve
the structural rigidity of future products. Experimental
and numerical analyses conducted so far exhibit a high
degree of correlation. The intention was to emphasise
the advantages of using modern optical 3D measure-
ment of deformations in identifying the effects of de-
formations resulting from various stresses. The equip-
ment consists of two mobile optical digital stereo
cameras for determining the re-distribution of deforma-
tions caused by static and dynamic loads.

ARAMIS analyses, calculates and records defor-
mations of sections, or of the entire structure.

Fields of application of the measuring equipment
are as follows:
e Detection of 3D deformations, shifts and vibrations
e Measurement of dynamic behaviour up to 25 Hz
e Linear and non-linear behaviour of viscous-elastic

materials
e Creep testing and testing the effects of ageing of
complex structures

Based on diagrams establishing an interdepen-
dence of the distances between the points of measure-
ment, L, and the force, F, as well as time, the elasticity
modulus of the lamina is determined. Taking the value
noted in status 1 (linear status) of L=114.027 mm, and
the force F=200 N (Figure 9), for the dilatation stress,
the following values can be calculated:

Figure 8 Optical 3D static measurement of deformations

Slika 8. Opticko 3D staticko mjerenje deformacija
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L-L, 114.027-113.996

- =0.00027194
113.996

LU

F 200
0 =—=—=4597TMPa

bd 2915

from which the following result for the elasticity
modulus £ (only in longitudinal direction) is obtained

4.5977

=———  =16907 GPa=17.0 GPa
©0.00027194

which was confirmed in practice by experiments
on uniform-orientation lamina test-tubes using tensom-
etry. This experiment is currently the most advanced
type for determining the properties of test materials in
a relatively simple manner, and replaces complex ex-
periments that use measuring ribbons.

The software package for analysing laminated
structures. Stress-deformation analysis of the construc-
tion of chairs was conducted using the KOMIPS
(‘Computer Modelling and Calculation of Structures’)
software developed by dr. Tasko Maneski (Maneski,
1998): This programme system, based on the method
of final elements, possesses an extensive library of ele-
ments, from one-dimensional all the way to general
three-dimensional elements, providing a possibility of
modelling the geometry and physical discretisation of
very complex structures. The software system has a
pre-processor and a post-processor, enabling the user

Figure 9 Graphic presentation of momentary stress of a
lamina acted on by a force of 200 N

Slika 9. Graficki prikaz kratkotrajnog naprezanja uslojenog
materijala pod utjecajem sile od 200 N

Figure 10 Diagrams of the flow of force (kN) and elonga-
tion (mm) in stretching test-tubes until the breaking point
Slika 10. Dijagram kretanja sile (kN) i produljenja (mm)
tijekom testa istezanja do trenutka loma
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Figure 11 A freely formed shell
Slika 11. Slobodno oblikovana ljuska

to make simple description and control of geometry
and the analysis of the results achieved. In respect of
the number of final elements, degrees of freedom and
stress, KOMIPS has no limitations.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

This paper is especially focused on the final ele-
ment of the laminate, given that it represents the basis
for all our numerical analyses. Calculating the stiffness
matrix of the laminate final element calls for volume
integration. The problem of volume integration can be
translated into integration by the area of the final ele-
ment by introducing the so-called reduced stiffness of
the laminate, which makes the procedure of formula-
ting the stiffness matrix more efficient and identical to
the classical plate theory. For those reasons a new sub-
routine was developed in the software used to calculate
the reduced stiffness of the laminate.

3.1 Numerical analysis of laminated wooden
structures by using the final elements method

3.1. Numeri€ka analiza uslojene drvne konstrukcije
primjenom metode konacnih elemenata

Differential equations of plate membrane stress
and flexing are well-known. Integration of these equa-
tions, i.e., development of an analytical solution, for
arbitrary geometry and arbitrary marginal conditions in
a general case, is not possible. This problem was also
overcome long ago by the development of a method of
mathematical and physical discretisation.

Wooden structures laminated geometrically of a
geometrically freely shaped shell with axonometric
projection are given in Figure 11. Load and deforma-
tion of freely formed shell is shown in Figure 12. The
results of stress deformation analysis for the adopted
network of final elements by applying reduced stiffness
are presented graphically in Figure 13.
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3.2 Properties of the layers
3.2. Svojstva slojeva

Composite =8 x 1.0 =8.0 mm 0/90/0/0 / 0/0/90/0 (orientation of the laminae in the laminated plate)

HI  H2 011 012 016
40 3.0 1.77E+04 9.73E+02 0.00E+00
30 20 2.19E+03 9.73E+02 0.00E+00
20 1.0 1.77E+04 9.73E+02 0.00E+00
1.0 0 1.77E+04 9.73E+02 0.00E+00
0 -0 1.77E+04 9.73E+02 0.00E+00
1.0 20 1.77E+04 9.73E+02 0.00E+00
20 =30  2.19E+03 9.73E+02 0.00E+00
3.0 -40 1.77E+04 9.73E+02 0.00E+00

022 026 066 Theta
2.19E+03  0.00E+00 1.05E+03 0.00E+00
1.77E+04  0.00E+00 1.05E+03 9.00E+01
2.19E+03  0.00E+00 1.05E+03 0.00E+00
2.19E+03  0.00E+00 1.05E+03 0.00E+00
2.19E+03  0.00E+00 1.05E+03 0.00E+00
2.19E+03  0.00E+00 1.05E+03 0.00E+00
1.77E+04  0.00E+00 1.05E+03 9.00E+01
2.19E+03  0.00E+00 1.05E+03 0.00E-+00

HI, H2 (mm) — top and botom surface of laminate, Qij (kN/cm?) — 2D stress state elastisity matrix of lami-

nate, Theta (°) — angle of the main stress direction.

3.3. Reduced elasticity matrices of laminates
3.3. Reducirane elasti¢ne matrice uslojenog materijala

1,1 1,2 1,6
QA(ij) 1.3789E+04  9.7300E+02  0.0000E+00
OB(ij) 0.0000E+00  0.0000E+00  0.0000E+00
OD(ij) 1.3064E+04  9.7300E+02  0.0000E+00

2,2 2,6 6,6
6.0590E+03  0.0000E+00  1.0450E+03
0.0000E+00  0.0000E+00  0.0000E+00
6.7837E+03  0.0000E+00  1.0450E+03

Where QA(i, j), OD(i, j), OB(i, j) (kN/cm?) — are elements of membrane, bending and coupled reduced lami-

nate elasticity matrices, respectively.
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Figure 12 Load and deformation of freely formed shell
Slika 12. Opterecenje i deformacija slobodno oblikovane
ljuske

Measurement of the flexing of the back of the la-
minated freely formed shall was performed experimen-
tally. An angle of / = 8.3 mm was calculated at a
force of 100 N, and 21 mm at a force of 250 N. It should
be noted that the numerical values of the flexing exhi-
bit very good correlation with experimental values (Fi-
gure 14). It may be concluded that an increased con-
centration of stress has taken place on the radius of the
back. The concentration of stress would probably be
reduced by a less pronounced radius (Figure 13).
Flexing and forces were measured on the back of a
freely formed shell, at its highest point. The flexing
was measured by German-made FLUKE 416D laser
equipment, which has an accuracy of 1 mm. Force was
measured using a Taiwan-made FORCE GAUGE FG
— 5100 dynamometer, with an accuracy of 1 N and a
measurement range of 0 to 1500 N.

Figure 15 shows changes of normal stresses ac-
cording to the thickness of laminate for the case of the
true stiffness of the laminate (solid line) and reduced
stiffness of the laminate (dotted line) for the case of a
composite plate (Figure 15). It may be concluded that
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7.08E+00 ... 8.50E+00
5.67E+00 ... 7.08E+00
4.25E+00 ... 5.67E+00
2.83E+00 ... 4.25E+00
0.00E+00 ... 1.42E+00

MPa
Figure 13 Stress field (Von Measses) of freely formed shell
by applying reduced stiffness
Slika 13. Polja naprezanja (Von Measses) slobodno
oblikovane ljuske primjenom reducirane krutosti

for both diagrams the same areas are formed of redu-
ced (dotted line) and non-reduced (full line) stiffness,
leading to identical (corresponding) results.

4 CONCLUSIONS
4. ZAKLJUCCI

Beech wood veneer may be used with arbitrary
layering to form various composites, of which different
pieces of furniture for sitting can be made of freely-
formed shape.
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Jon = 8.8 mm
Figure 14 Deformation of freely formed shell by applying
reduced stiffness
Slika 14. Deformacija slobodno oblikovane ljuske
primjenom reducirane krutosti

Tension / Naprezanje, MPa

0,613 9,743 717 9,73
0,21 1,32 L
4,865
i 2,432

.
p

-

[ ]

L

Figure 15 Changes of normal stresses by laminate thickness
for reduced and non-reduced plates

Slika 15. Promjene normalnih naprezanja po debljini
uslojenog materijala za reducirane i nereducirane ploce

The material properties of veneer laminae determi-
ned by optical 3D measurement of deformations are suffi-
cient to calculate the stiffness of any veneer laminate (ir-
respective of fibres orientation and layers thickness). This
measurement efficiently replaces complex and expensive
deformation measurement by tensometric method.

Having calculated the stiffness of concrete com-
posites in this way, by introducing reduced elasticity
matrices of membrane stress and flexing (Figure 16),
the stress deformation analysis can be performed of
any chair, using an appropriate software package.

On the basis of the foregoing, a pragmatic example
could be that of a reclining ‘Savannah Rocker III” chair
manufactured in 2009 (Figure 17) by British designer
Jolyon Yates. The chair is made of uniform beech lamina-
te and has dimensions of 990 mm x 520 mm x 990 mm.
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ABSTRACT ¢ As part of an ongoing research program, the Louisiana forest products industry is surveyed every
five years to identify salient issues, challenges, and opportunities. In this paper, we compare the results from two
studies conducted on the primary and secondary sectors in Louisiana. In the past, we produced two papers based
on research results, one for the primary and one for the secondary sector. However, this paper compares the an-
swers to questions asked in both surveys. Louisiana s forests represent an important resource for the state, both in
terms of income to landowners and as inputs to the forest products industry. Both primary and secondary respon-
dents indicate an interest in increasing their workforce in the next five years. The issues that drive the company
expansion fall into four areas: the overall attractiveness of the business climate of the community and state, labor
productivity, costs and supply, and financing. The results of this study can be used by Louisiana industry members
in the primary and secondary sectors to identify common challenges, opportunities and issues that promote or
hinder sector development. Policymakers can work more efficiently with industry members where commonalities
exist. Understanding the markets, plant location decisions, raw material availability, workforce training needs,
and other issues can be a source of competitive advantage for Louisiana manufacturers.

Keywords: wood products, Louisiana, United States, primary products, secondary products

SAZETAK ¢ Industrija Sumskih proizvoda u Louisiani prati se u sklopu tekucega istrazivackog programa i u
njoj se svakih pet godina provodi anketa da bi se ustanovili aktualni problemi, izazovi i mogucnosti. U radu se
usporeduju rezultati dvaju uzastopnih istrazivanja primarnoga i sekundarnog sektora drvnih proizvoda u Loui-
siani. Do sada su ve¢ napisana dva clanka o rezultatima tih istrazivanja, jedan o primarnom sektoru i jedan o
sekundarnome. U ovom radu usporeduju se odgovori na zajednicka pitanja iz oba istrazivanja. Sume u Louisiani
vazan su drzavni resurs u smislu prihoda zemljoposjednika i u smislu ulazne sirovine za industriju drvnih proiz-
voda. Ispitanici i u primarnome i sekundarnom sektoru pokazuju zanimanje za povecanje broja zaposlenih u
sljedec¢ih pet godina. Cinitelji koji pokreéu poveéanje poduzeéa pripadaju jednoj od cetiri skupine: sveobuhvatnoj
priviacnosti poslovne klime u drustvu i drzavi, produktivnosti rada, troskovima i nabavi, financiranju. Rezultatima
ove studije mogu se koristiti ¢lanovi primarnoga i sekundarnog sektora drvnih proizvoda u Louisiani da bi usta-

! Author is director and professor at Louisiana Forest Products Development Center, School of Renewable Natural Resources, Louisiana State
University Agricultural Center, Baton Rouge, Louisiana.

! Autor je direktor i profesor u Centru za razvoj Sumskih proizvoda, Skoli za obnovljive prirodne resurse Poljoprivrednog centra Sveudilista u
Louisiani, Baton Rouge, Louisiana.
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novili izazove, mogucnosti i probleme koji promoviraju ili sprjecavaju razvoj sektora. Politicke se odluke mogu
donositi mnogo ucinkovitije u suradnji s predstavnicima struke ako postoje zajednicki interesi. Poznavanje trzista,
odluke o lokaciji tvornica, dostupnost sirovina, obuc¢avanje radne snage i druga pitanja mogu biti izvor kompete-

tivnih prednosti prozvodaca u Lousiani.

Kljuéne rijeci: drvni proizvodi, Louisiana, Sjedinjene Drzave, primarni proizvodi, sekundarni proizvodi

1 INTRODUCTION
1. UVOD

“Lumber industry hit hard” was the caption in The
Baton Rouge Advocate, daily newspaper (Calder 2008).
It was referring to the housing slump that saw the lowest
number of new housing starts since 1959 (US Census
Bureau 2008). Housing is a major driving force of wood
markets where 70 percent of wood building materials,
primarily softwood lumber and structural panels, are
used in residential construction including both new con-
struction and remodeling (UNECE/FAO 2008). With
such a downturn in the housing industry, production and
prices of wood building materials have collapsed. Ac-
cording to Random Lengths (2009), overall softwood
production was down 27 percent in 2008 compared to
2005, and prices for framing lumber were down 38 per-
cent from their 2004 peak. Panel production suffered
similar market turns, dropping 25 percent from 2005 and
composite structural panel prices plunged 37 percent
from 2004 (Random Lengths 2009). As of early 2009,
prices have been even weaker and many mills are curtai-
ling production and/or downsizing (IBIS World 2009,
Wood Digest 2008).

In August 2005, two Category 5 hurricanes hit
the Gulf Coast of the United States. Hurricane Katrina
made landfall with a direct hit to New Orleans causing
catastrophic levee failure and widespread flooding.
One month later, Hurricane Rita hit the West Louisia-
na/East Texas border. Combined, they damaged over
4.4 billion board feet of standing timber and wiped out
the equivalent of more than two years’ worth of pine
sawtimber harvest and more than 11 years’ worth of
hardwood sawtimber harvest for the entire state (Chang,
2006). The closest timber loss Louisiana faced, up to
then, was the southern pine beetle outbreaks of 1985-
86, with a loss of 1.1 billion board feet (Mistretta and
Bylin, 1987). In this paper, we present a brief history of
the forest sector in Louisiana and then discuss the re-
sults of a study which offers a perspective on the state
of the forest products industry in Louisiana three years
after the hurricanes hit the state.

1.1 Louisiana’s forest products industry
1.1. Industrija Sumskih proizvoda u Louisiani

The development of the lumber industry in Loui-
siana began in the period following the Civil War. The-
re was a great demand for lumber to rebuild the war-
torn areas of the South as well as to supply the industrial
revolution taking place in the North (Maxwell, 1973;
Quarterman and Keever, 1962; Foster, 1912). Longleaf
yellow pine was abundant throughout the state. The
chief demand for lumber was for construction, tele-
graph poles, railroad ties, and furniture manufacturing

202

(Maxwell, 1973). In addition to pine, Louisiana saw-
mills also cut oak, ash, gum, and cypress as well as
many other woods. The milling of cypress had signifi-
cant economic importance to the southeastern region
of the state, where it was used principally for manufac-
turing of shingles and cisterns (Kellogg, 1909).

Forests cover 13.5 million acres or 48 percent of
Louisiana with pine accounting for 52 percent and hard-
woods for 48 percent (LFA 2008). Forests and forestry
are an important part of Louisiana’s history, culture and
economy. Although Louisiana forests are almost evenly
divided between pine and hardwoods, approximately six
times more softwood is harvested annually than hard-
wood (LDAF 2007). In 2006, the output of softwood
roundwood products totaled 712 million cubic feet, whi-
le the output of hardwood roundwood products was 175
million cubic feet (SRS 2007).

Over the past decade, forestry has been Louisia-
na’s number one agricultural crop, generating $3.3 bil-
lion in farm gate value and value-added revenue in 2008
(LSU AgCenter 2009). However, 2008 marked two con-
secutive years of significant reductions in the forest pro-
ducts sector of Louisiana’s economy, which coincides
with the sharp contraction in the national economy that
began toward the end of 2007. Pine sawtimber harvest
decreased by 30 percent, to a total statewide harvest of
833.2 million board feet. The hardwood sawtimber har-
vest fell to 137.7 million board feet (a 21 percent decrea-
se) in 2008 (LSU AgCenter 2009).

The Louisiana wood products manufacturing
sector is comprised of an estimated 75 primary manu-
facturers and 545 secondary manufacturers (furniture,
cabinet, millwork) (Louisiana Forest Products Develop-
ment Center 2009). Primary products are those produ-
ced directly from raw timber input. Examples include
chips, lumber, veneer, plywood and their by-products.
Secondary products use primary products as input for
remanufacturing. Examples include various types of pa-
nels, engineered composites or dimension stock. Secon-
dary products can also include final consumer products
such as furniture (Hughes and Vlosky, 2000). The forest
sector, including forestry and forest products, is Louisia-
na’s second largest employer with approximately 17,000
manufacturing jobs and 8,000 jobs in the harvesting/
transportation of timber (LFA, 2008).

In an effort to provide information to Louisiana
forest industry members, policymakers and other
stakeholders, the Louisiana Forest Products Develop-
ment Center (LFPDC) has periodically conducted pri-
mary and secondary wood products industry surveys
for the past 15 years to identify salient issues, challen-
ges, and opportunities. Vlosky, Chance, and Harding
(1994) conducted an industry survey, which showed
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that the secondary wood products industry in Louisia-
na was fragmented and consisted of many small busi-
nesses, with 75 percent having 10 employees or less.
At that time secondary industry companies were relying
primarily on word-of-mouth to promote products di-
rectly to customers, thereby limiting the distribution of
their sales.

Vlosky (1995) reported on the primary sector in
Louisiana. He found that in 1993, nearly half of re-
spondent companies had sales of at least $10 million.
The majority of respondents were strictly softwood
producers (45.5 percent), while 30.0 percent were
using only hardwoods and 24.5 percent used both sof-
twood and hardwood raw materials. In contrast to se-
condary manufacturers, 47 percent of sales were made
out-of-state and 12 percent of sales went to export
markets. Primary respondents also used word-of-mou-
th as the main vehicle to promote and sell their pro-
ducts. The factors that were considered to be the grea-
test impediments to company expansion were
workman’s compensation, proximity to raw materials,
taxes, availability of capital, labor training issues and
community industrial climate.

One of the recurring themes in these studies is the
need for a trained and qualified workforce in the forest
products industry. In each study, industry respondents
indicated that they would have liked to add employees;
however the lack of adequately trained labor was a li-
miting factor in doing so. In order to better understand
the specific training needs in Louisiana, Vlosky and
Chance (2001) conducted a study of the secondary
sector. The overall conclusion was that appropriate
training of the workforce must become a priority for
Louisiana’s value-added industry to be competitive in
the marketplace. The most desired knowledge was
concerning safety regulations and in dealing with cu-
stomers, followed by quality and process control and
basic problem-solving skills.

In this paper, we compare the results of two stu-
dies conducted on the primary and secondary sectors in
Louisiana. In the past, we produced two papers based
on research results, one for the primary and one for the
secondary sector. However, this paper, based on the
2009 study, compares the results of the questions com-
mon to both surveys.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

Using a directory of Louisiana wood products in-
dustries compiled by the Louisiana Forest Products De-
velopment Center (2009), 75 primary solid wood pro-
ducts companies and 545 secondary or value-added
companies were surveyed. The study was conducted
using mailed surveys. Survey development and imple-
mentation generally followed methods and procedures
recommended by Dillman and described as the Tailored
Design Method (TDM) (Dillman, 2000). Accordingly,
the survey process included a pre-notification postcard,
first survey mailing, a reminder postcard, second mai-
ling and, because response rates were not what we ex-
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pected, after two mailings, a third mailing. After accoun-
ting for undeliverable surveys and unusable returned
surveys, the adjusted response rates were 42 percent and
10 percent for primary and secondary companies, res-
pectively. The response rate for the primary sector is
quite good but, unfortunately, the response rate for the
secondary sector is lower than we have experienced in
past years. Although Jones and Lang (1980) point out
that increasing the response rate does not necessarily im-
prove the precision of survey results, we feel the secon-
dary sector results can be considered as being explora-
tory (Adams, 1986; Hochstim, 1967).

Walonick (1993) believes that most researchers
view non-response bias as a continuum, ranging from
fast responders to slow responders (with non-respon-
ders defining the end of the continuum). Research has
shown that late respondents typically respond similarly
to non-respondents. Accordingly, second mailing re-
spondents, as a proxy for non-respondents, were com-
pared to first mailing respondents to test for non-re-
sponse bias (Donald, 1960). Out of the 60 comparable
variables, differences were detected at a=0.05 for three
variables (5 percent).

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

Figure 1 indicates that primary industry was lo-
cated at higher concentration in the forested areas of
Louisiana in the Northeast, Central and Southeast parts
of the state and secondary industry was more prevalent
in urban areas of Baton Rouge, New Orleans and La-
fayette in Southern Louisiana. Seventy-six percent of
primary respondents are headquartered in Louisiana
with the balance having headquarters in Pennsylvania,
South Carolina, Tennessee, Texas and Washington. All
secondary manufacturers are headquartered in Louisia-
na. Louisiana is divided into parishes, known in the
other 49 states as counties.

Figure 2 shows the percent of respondents manu-
facturing primary products. Multiple responses were
possible as some companies are diversified and produ-
ce more than one product. Hardwood lumber is the hi-
ghest ranked product with 66 percent of respondents
followed by softwood lumber (48 percent). Past studies
of Louisiana production had these products reversed.
The economic downturn and subsequent soft demand
for softwood lumber for construction is the likely rea-
son for this reversal in order. Respondents in the secon-
dary industry manufacture a wide range of value-added
products (Figure 3). In this case as well, multiple re-
sponses were possible. Cabinets were mainly produced
in 2008 with 71 percent of respondents, followed by
molding and millwork (55 percent).

Figure 4 shows where respondents obtained their
wood raw materials in 2008. Sixty-eight percent and
69 percent of primary and secondary producer respon-
dents sourced raw materials from Louisiana, respecti-
vely. Often there can be concerns from forest sector
industry members and stakeholders that “too much”
raw materials are imported from other states to manu-
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Figure 1 Respondent location by parish (percent of respondents) (Primary: »=37; Secondary: n=54)
Slika 1. Lokacija ispitanika prema okruzima (postotak ispitanika) (primarni sektor n=37, sekundarni sektor n=54)

Hardwood lumber / piljena grada tvrdih vrsta drva

Softwood lumber / piljena grada mekih vrsta drva

Hardwood plywood / furnirske ploce od tvrdih vrsta drva
Particleboard / ploce iverice

Softwood plywood / furnirske ploce od mekih vrsta drva
Medium density fiberboard / ploce viaknatice srednje gustoce

Oriented strandboard / OSB ploce

Chips / iverje

T T T T T T T

0% 10% 20% 30% 40% 50% 60% 70%

Percent of respondents / postotak ispitanika

Figure 2 Products manufactured by primary producers (percent of respondents) (multiple responses possible, #=53)
Slika 2. Proizvodi primarnih proizvodaca (postotak ispitanika) (moguéi visestruki odgovori, n=53)

Cabinets / uredski namjestaj 71%
Moulding & millwork / opremanje objekata
Furniture / namjestaj

Windows-doors / prozori-vrata

Veneer / furniri

Flooring / drveni podovi

Pallets & containers / palete i drveni sanduci
Panel products / proizvodnja ploca

Stair parts / gazista

Survey stakes / drvene ograde

Logging mats / drvena ambalaza

Crossties (Railroad) / zeljeznicki pragovi

Beams / drvene grede

Manufactured housing / proizvodnja drvenih kuca

Engineered wood products (e.g. Laminated veneer lumber)
Projektirani drvni proizvodi ™
0%

10% 20% 30% 40% 50% 60% 70% 80%

Percent of respondents / postotak ispitanika

Figure 3 Products manufactured by secondary producers (percent of respondents) (multiple responses possible, #=53)
Slika 3. Proizvodi sekundarnih proizvodaca (postotak ispitanika) (mogudéi visestruki odgovori, n=53)
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W Secondary products / sekundarni proizvodi
Primary products / primarni proizvodi

Other countries h 4%

ostale drzave | 1%
Other U.S. States (I, 27%
ostale drzave SAD-a 31%
i T
u ostalim okruzima drzave °
Louisinana

] 46%

Within my county 29%

u mom okrugu 22%

0% 10% 20% 30% 40% 50%

Percent of respondents / postotak ispitanika

Figure 4 Where respondents obtain wood raw materials
(percent of respondents) (Primary: #n=29; Secondary: n=51)
Slika 4. Gdje ispitanici nabavljaju drvnu sirovinu (postotak
ispitanika) (primarni sektor n=29, sekundarni sektor #=51)

facture wood products, thereby forgoing adding as
much value as possible from in-state raw materials.
Figure 5 compares primary and secondary re-
spondent company size in terms of number of full-time
employees. The number of respondents for primary in-
dustry respondents was fairly evenly distributed among
the employee categories while 87 percent of secondary
industry respondents had 19 or fewer employees. A
Chi-Square test was performed to compare these fre-
quencies and they were found to be significantly diffe-
rent (¥>=33.37, asymptotic 2-sided significance=0.000).
With regard to part-time employees, both primary and
secondary respondents are skewed strongly to having
1-9 employees in this category (Figure 6). Secondary
respondents had 100 percent of their part-time em-
ployees in this category. A Chi-Square test indicated a

B Secondary products / sekundarni proizvodi
Primary products / primarni proizvodi

19 employees — 61%

1-9 zaposlenih 14%
10-19 employees _ 26%
10-19 zaposlenih 17%

20-49 employees  [I 10%
20-49 zaposlenih 17%

50-99 employees | 4%
50-99 zaposlenih 21%

100-499 employees | 0%
100-499 zaposlenih 14%

500 or more employees | 09,
500 i vise zaposlenih 17%

T T T T T T

0% 10% 20% 30% 40% 50% 60% 70%

Percent of respondents / postotak ispitanika

Figure 5 Respondent company size by number of full-time
employees (Primary: n=29; Secondary: n=51)

Slika 5. Veli¢ina poduzeca ispitanika izrazena brojem
zaposlenika s punim radnim vremenom (primarni sektor
n=29, sekundarni sektor #=51)

DRVNA INDUSTRIJA 62 (3) 201-211 (2011)

— 100%

1-9 1
employees 81%

1-9 zaposlenih

0%

10-19 employees 50,

10-19 zaposlenih

0%
20-49 employees | o,
20-49 zaposlenih

0%
50-99 employees 10%
50-99 zaposlenih

B Secondary products
sekundarni proizvodi

0% Primary products
100-499 employees 5% primarni proizvodi
100-499 zaposlenih

T T T T

0% 20%  40% 60%  80%  100%

Percent of respondents / postotak ispitanika

Figure 6 Respondent company size by number of part-time
employees (Primary: n=21; Secondary: n=24)

Slika 6. Veli¢ina poduzeca ispitanika izrazena brojem
zaposlenika sa skrac¢enim radnim vremenom (primarni
sektor n=21, sekundarni sektor n=24)

lack of a significant difference in the part-time em-
ployee frequencies (y*=5.02, asymptotic 2-sided signi-
ficance=0.171).

Figure 7 indicates plans by respondents to increa-
se workforce in 2009 and 2010-2014. For both time
periods, secondary industry respondents were planning
on hiring more employees (38 percent and 49 percent)
than in primary industry (33 percent and 38 percent).
This too is likely due to the economic downturn that
has negatively impacted housing starts.

There are many reasons for respondents not plan-
ning to add to their work force (Table 1). The primary
sector respondents’ main reason was the lack of markets
for their company’s products (28 percent of responden-
ts), followed by lack of adequate labor (21 percent),
workmen’s compensation costs (17 percent) and state
taxes (17 percent). Secondary industry respondents
shared some concerns. Their main reasons were work-
men’s compensation costs (28 percent), lack of ade-
quate labor (26 percent), cost of training employees
(20 percent), wages (18 percent) and health costs (18
percent).

Using Likert-type scales anchored on levels of
importance, respondents evaluated different methods
of promoting their products (Scale: 1=very unimpor-
tant; 3=neither unimportant nor important; S=very im-
portant) (Table 2). The results were compared to deter-
mine significant differences from the neutral midpoint
using one sample t-tests and sorted by t-statistic values.
The shaded portion of the table indicates non-signifi-
cant results (at a=0.05). For primary respondents, radio
ads, direct mailing and newspaper ads were significan-
tly lower than the midpoint while distributor support,
word of mouth, and sales reps were significantly higher
than the midpoint. For secondary respondents, manu-
facturers, all except one promotion method, word of
mouth, had a negative t-value and all except using the
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’ W Secondary products / sekundarni proizvodi

Primary products / primarni proizvodi

In 2009 / u 2009. godini

In 2010-2014
od 2010-2014. godine

33%

58 total new employees; mean=4/company

38% ukupno 58 novih zaposlenika, 4 po tvrtki

55 total new employees; mean=8/company
ukupno 55 novih zaposlenika, 8 po tvrtki

49%
140 total new employees; mean=7/company
ukupno 140 novih zaposlenika, 7 po tvrtki
38% 56 total new employees; mean=8/company
ukupno 56 novih zaposlenika, 8 po tvrtki

0% 10% 20% 30%

40%

50% 60% 70% 80% 90%  100%

Percent of respondents responding "YES" / postotak ispitanika koji su odgovorili potvrdno

Figure 7 Plans to increase workforce in 2009 & 2010-2014 (Primary: n=27; Secondary: n=48)
Slika 7. Planovi za povecéanje broja zaposlenih u 2009. i u razdoblju 2010 — 2014. (primarni sektor n=27, sekundarni sektor

n=48)

World Wide Web (a carryover term from previous stu-
dies) were significantly different from the neutral
point.

What factors make wood products companies
successful? Again, using the same scale of importance
and comparisons to the 3.0 neutral midpoint, respon-
dents were asked to rate factors that contribute to their
company’s success (Table 3). For primary industry re-
spondents, all but two factors were statistically signifi-
cant with regard to positive differences from the neu-
tral midpoint (at @=0.05). One was negatively
non-significant (Internet presence) and the other was
positively non-significant (computer capabilities).
Factors identified as having the highest contribution to
company success were “Product availability” and
“Long-term customer relationships” (both 4.8/5.0). For
secondary manufacturers, in addition to “Internet pre-

sence” and “Computer capabilities”, “Marketing skil-
Is” was also not significantly different from the mi-
dpoint. Means for all the three of these non-significant
factors were above the midpoint. Factors with the hi-
ghest means were “Our product quality”, “Long-term
customer relationships”, and “Company reputation”
(all 4.9/5.0).

Challenges that companies face in achieving or
maintaining success are on the other end of the spectrum
(Table 4). Three statistically significant factors (diffe-
rent from midpoint at =0.05) were common to both
primary and secondary respondents. These were “Vola-
tile pricing”, “Getting quality raw material”, and “Get-
ting consistent raw material”. One additional factor
was statistically significant for secondary industry re-
spondents, “Finding ways to promote my company’s
products”.

Table 1 Reasons for not having plans to hire new employees (multiple responses possible) (Primary: n=18; Secondary: n=30)
Tablica 1. Razlozi nepovecéanja broja zaposlenih u iduéem razdoblju (moguci visestruki odgovori, primarni sektor n=27,

sekundarni sektor #=48)

Primary | Secondary
Primarni | Sekundarni

Lack of markets for my company’s products 28% 28% Workmen’s compensation costs
Nedostatak trzista za proizvode poduzeéa ’ ’ Troskovi placa radnika
Can’t find adequate labor 21% 26% Can’t find adequate labor
Nemogucnost pronalaska adekvatne radne snage ’ ’ Nemogucnost pronalaska adekvatne radne snage
Workmen’s compensation costs Can’t afford to train employees

o .o . 17% 20% , . . .
Troskovi placa radnika Nemogucnost obucavanja zaposlenika
State taxes Labor health costs are too high

Lo ; 17% 18% . . .
Drzavni porezi Previsoki troskovi zdravstvenog osiguranja
I do not want to grow the company Wages required to hire new employees

. , 14% 18% P e . . .
Ne Zelim rast poduzeca Troskovi zaposljavanja novih zaposlenika
Labor health costs are too high I do not want to grow the company

P . . 14% 14% . . ,
Previsoki troskovi zdravstvenog osiguranja Ne zelim rast poduzecéa
Local taxes / Lokalni porezi 3% 10% State taxes / Drzavni porezi
Can’t afford to train employees Local taxes
, . . . 3% 10% . .

Nemogucnost obucavanja zaposlenika Lokalni porezi
Wages required to hire new employees Lack of markets for my company’s products

o 7 . . . 0% 4% v . ,
Troskovi zaposljavanja novih zaposlenika Nedostatak trzista za proizvode poduzeéa
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Table 2 Methods of promoting company products (One-Sample Statistics Compared to 3.0) (Neutral Point) (Scale: 1=very
unimportant; 3=neither unimportant nor important; 5=very important)

Tablica 2. Metode promidzbe proizvoda poduzeca (statisticka usporedba jednog uzorka s neutralnom tockom 3,0) (1 —

potpuno nevazno; 3 — ni nevazno ni vazno; 5 — vrlo vazno)

Primary industry respondents
Ispitanici primarne industrije
Mean S.t d'. Std. Error Mean
Srednja Deviation Standardna t df | Sig. (2-tailed)
N .. Standardna .
vrijednost devijacija pogreska
Radio ads / Radijski oglas 24 1.8 1.179 0.241 -5.022 | 23 0.000
Direct mailing / Izravno pismo 24 2.0 1.083 0.221 -4.337 | 23 0.000
Newspaper ads / Oglas u novinama 25 2.1 1.320 0.264 -3.484 | 24 0.002
World wide web / Internetske stranice 24 2.7 1.239 0.253 -1.318 | 23 0.201
g:l‘;i I;;goiziz;fzovmma 26| 27 1.468 0.288 1202 | 25 0.241
Catalogs / Katalozi 25 2.7 1.345 0.269 -1.189 | 24 0.246
Magazine ads / Oglas u ¢asopisu 26 2.7 1.373 0.269 -1.000 | 25 0.327
Trade shows / Sajmovi 26 32 1.415 0.277 0.693 | 25 0.495
Distributor support / Potpora distributera | 27 3.7 1.347 0.259 2.857 | 26 0.008
Word of mouth / Usmenim putem 29 3.9 1.407 0.261 3299 | 28 0.003
Sales reps / Trgovacki predstavnik 28 4.0 1.170 0.221 4.684 | 27 0.000
Secondary industry respondents
Ispitanici sekundarne industrije
Radio ads / Radijski oglas 39 1.5 0.790 0.126 -11.559 | 38 0.000
Direct mailing / Izravno pismo 39 1.7 0.977 0.157 -8.355 | 38 0.000
Catalogs / Katalozi 39 2.0 1.112 0.178 -5.761 | 38 0.000
(T)Z‘l‘ies f;iiﬁi‘:;ssnovmma ar| 19 1.300 0.203 -5.406 | 40 | 0.000
Newspaper ads / Oglas u novinama 41 2.0 1.204 0.188 -5.318 | 40 0.000
Magazine ads / Oglas u casopisu 40 2.0 1.300 0.206 -5.109 | 39 0.000
Trade shows / Sajmovi 39 2.1 1.244 0.199 -4.635 | 38 0.000
Distributor support / Potpora distributera | 40 2.4 1.372 0.217 -2.882 | 39 0.006
Sales reps / Trgovacki predstavnik 40 2.5 1.536 0.243 -2.162 | 39 0.037
World wide web / Internetske stranice 40 2.9 1.598 0.253 -0.396 | 39 0.694
Word of mouth / Usmenim putem 50 4.8 0.815 0.115 15.436 | 49 0.000

The final question common to both sectors asked
respondents to rate different infrastructure-related
factors that influence their decisions to either expand
capacity at existing facilities or build new production
facilities. A Likert-type scale anchored on levels of
agreement was used (Scale: 1=strongly disagree;
3=neither disagree nor agree; S=strongly agree). A di-
scussion with the director of forestry, agriculture and
food sectors with the Louisiana State Department of
Economic Development (Short, 2009) led to the deci-
sion to combine primary and secondary respondents to
conduct a factor analysis for these influences. The ra-
tionale was to tease out the major constructs that in-
fluence the wood products industry as a whole. Under-
standing these dimensions is a potentially useful tool
from a policy and planning perspective.

Table 5 shows the results of the Factor Analysis.
Principal component factor analysis, with varimax rota-
tion was conducted to identify these underlying dimen-
sions. Several preliminary factor analysis solutions were
examined before the final factor analysis solution was
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found. The 12 infrastructure-related influences posed
were reduced to 10. The sample size (n=71) for the 10
variables exceeds the minimum required number of 5
observations per variable required for factor analysis
(Hair et al. 1998). The Kaiser-Meyer-Olkin overall Mea-
sure of Sampling Adequacy (0.689), Bartlett test of non-
zero correlations (0.000), Measures of Sampling Ade-
quacy (range from 0.573 to 0.852) on the anti-image
correlation matrix, and small partial correlations all indi-
cate that the data set is suitable for Factor Analysis.

The latent root criterion (eigenvalue >1) was used
in extracting the factors. Orthogonal varimax rotation
was used to disperse the factor loadings within the
factors to achieve a more interpretable solution (Field
2000). The four factors explain 77.8 percent of the total
variance of the 10 variables as follows: Factor 1
(24.5%)); Factor 2 (21.8%); Factor 3 (17.6%); Factor 4
(13.9%). The cut-off point for interpretation of the loa-
dings was £0.50.

e Factor 1 has three significantly high loadings
(0.697-0.899), which are related to taxes and ove-
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Table 3 Attributes contributing to company success (One-Sample Statistics Compared to 3.0 (Neutral Point) (Scale: 1=very
unimportant; 3=neither unimportant nor important; 5=very important)

Tablica 3. Svojstva koja pridonose uspjehu poduzeca (statisticka usporedba jednog uzorka s neutralnom to¢kom 3,0) (1 —
potpuno nevazno; 3 — ni nevazno ni vazno; 5 — vrlo vazno)

Primary industry respondents
Ispitanici primarne industrije
Mean | Std. Devia- | Std. Error
N | Srednja tion Mean t df Sig.
vrijed- | Standardna | Standardna (2-

nost devijacija pogreska tailed)
Internet presence / Postojanje interneta 28 2.8 1.101 0.208 -1.030 | 27 | 0.312
Computer capabilities / Mogucnosti racunala 28 34 1.166 0.220 1.784 | 27 | 0.086
Distribution capabilities 28 3.9 1.145 0.216 3.959 | 27 | 0.000
Mogucnosti distribucije
Marketing skills / Marketinske vjestine 27 3.9 0.907 0.175 4.878 | 26 | 0.000
Access to markets / Pristup trzistu 27 4.1 0.864 0.166 6.905 | 26 | 0.000
Flexible delivery / Fleksibilnost isporuke 27 4.2 0.801 0.154 7.932 | 26 | 0.000
Fair prices / Postene cijene 29 4.3 0.857 0.159 8.453 | 28 | 0.000
Fast response to inquiries 28 4.4 0.737 0.139 9.996 | 27 | 0.000
Brz odgovor na potrazivanja
Company reputation / Reputacija poduzeéa 29 4.7 0.850 0.158 10.711 | 28 | 0.000
Knowledgeable sales people 28 4.5 0.637 0.120 12.752 | 27 | 0.000
Sposobnost ljudi u prodaji
Our product quality / Kvaliteta proizvoda 29 4.7 0.702 0.130 13.229 | 28 | 0.000
High level of overall customer service 28 4.6 0.567 0.107 15.000 | 27 | 0.000
Visoka razina usluga potrosacima
Product availability / Dostupnost proizvoda 28 4.8 0.518 0.098 17.870 | 27 | 0.000
Long-term customer relationships 28 4.8 0.476 0.090 20.265 | 27 | 0.000
Trajni odnosi s kupcima
Secondary industry respondents
Ispitanici sekundarne industrije
Internet presence / Postojanje interneta 41 33 1.342 0.210 1.280 | 40 | 0.208
Computer capabilities 42 34 1.322 0.204 1.751 | 41 | 0.087
Mogucnosti racunala
Marketing skills / Marketinske vjestine 40 3.4 1.357 0.214 1.981 | 39 | 0.055
Distribution capabilities 41 3.7 1.309 0.204 3.461 | 40 | 0.001
Mogucnosti distribucije
Access to markets / Pristup trzistu 41 3.7 1.175 0.183 3.589 | 40 | 0.001
Knowledgeable sales people 42 4.1 1.435 0.221 5.055 | 41 | 0.000
Sposobnost ljudi u prodaji
Flexible delivery / Fleksibilnost isporuke 44 3.9 1.117 0.168 5.399 | 43 | 0.000
Fast response to inquiries 44 4.1 1.268 0.191 5.943 | 43 | 0.000
Brz odgovor na potrazivanja
High level of overall customer service 46 4.5 1.110 0.164 9.295 | 45 | 0.000
Visoka razina usluga potrosacima
Product availability / Dostupnost proizvoda 44 4.5 0.901 0.136 10.708 | 43 | 0.000
Fair prices / Postene cijene 50 4.6 0.697 0.099 16.443 | 49 | 0.000
Long-term customer relationships 47 4.9 0.612 0.089 20.971 | 46 | 0.000
Trajni odnosi s kupcima
Our product quality / Kvaliteta proizvoda 51 4.9 0.575 0.080 23.637 | 50 | 0.000
Company reputation / Reputacija poduzeca 50 4.9 0.566 0.080 24.000 | 49 | 0.000
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rall industrial climate, thus the factor was named
“Taxes/Business Climate”.

Factor 2 also has three significantly high loadings
(0.638-0.866) on variables associated with labor
productivity and costs. Accordingly, the factor was
named “Labor Productivity and Costs”.

Factor 3 has two items with significantly high loa-
dings (0.839-0.898) on bank financing and availa-

bility of working capital and was named “Finan-
cing”.

Factor 4 has two significant loadings (0.745-0.842)
that are the availability of unskilled and skilled la-
bor. This factor was named “Labor Supply”.
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Table 4 Factors in company challenges to success One-Sample Statistics Compared to 3.0 (Neutral Point) (Scale: 1=very
unimportant; 3=neither unimportant nor important; 5=very important)
Tablica 4. Cinitelji u poduzeéu koji onemoguéuju uspjeh (statisticka usporedba jednog uzorka s neutralnom tockom 3,0) (1 —

potpuno nevazno; 3 — ni nevazno ni vazno; 5 — vrlo vazno)

Primary industry respondents / Ispitanici primarne industrije

Mean Std. Std. Error
N | Srednja | Deviation Mean t df | Sig.
vrijed- | Standardna | Standardna (2-
nost | devijacija | pogreska tailed)

Lack of adequate machinery 26 2.6 1.206 0.236 -1.789 | 25 | 0.086
Nedostatak potrebnih strojeva
Inefficient processing capabilities 26 2.7 1.129 0.221 -1.563 | 25| 0.131
Neucinkoviti proizvodni procesi
Competition from producers in my state 26 2.8 1.405 0.276 -0.558 | 25 | 0.582
Konkurentni proizvodaci u drzavi
Delivery problems / Problemi isporuke 27 2.9 1.121 0.216 -0.515 |26 | 0.611
Not having enough capacity / nedovoljni kapaciteti 28 3.0 0.943 0.178 0.000 | 27 | 1.000
Competition from producers in my region 27 33 1.209 0.233 1.433 | 26 | 0.164
Konkurentni proizvodaci u regiji
Finding ways to promote my company’s products 28 34 1.129 0.213 1.674 | 27 | 0.106
Nepostojanje dobre promidzbe proizvoda
Volatile pricing / Nepostojane cijene 25 4.2 0.866 0.173 6.928 | 24 | 0.000
Getting quality raw material / Dobava kvalitetne sirovine 28 43 0.897 0.169 7.586 | 27 | 0.000
Getting consistent raw material / Dosljedna dobava sirovine | 29 44 0.825 0.153 9.234 | 28 | 0.000
Secondary industry respondents / Ispitanici sekundarne industrije
Delivery problems / Problemi isporuke 40 2.7 0.987 0.156 -1.763 | 39 | 0.086
Lack of adequate machinery / Nedostatak potrebnih strojeva | 42 2.8 1.353 0.209 -1.026 | 41 | 0.311
Inefficient processing capabilities 40 2.9 1.228 0.194 -0.386 | 39 | 0.701
Neucinkoviti proizvodni procesi
Competition from producers in my region 41 32 1.283 0.200 0.852 | 40| 0.399
Konkurentni proizvodaci u regiji
Competition from producers in my state 42 32 1.284 0.198 1.202 | 41 | 0.236
Konkurentni proizvodaci u drzavi
Not having enough capacity / Nedovoljni kapaciteti 40 33 1.137 0.180 1.669 | 39 | 0.103
Finding ways to promote my company’s products 41 3.5 1.247 0.195 2.380 | 40 | 0.022
Nepostojanje dobre promidzbe proizvoda
Volatile pricing / Nepostojane cijene 44 4.1 1.108 0.167 6.395 | 43 | 0.000
Getting quality raw material / Dobava kvalitetne sirovine 47 4.4 0.919 0.134 10.158 | 46 | 0.000
Getting consistent raw material / Dosljedna dobava sirovine | 46 4.4 0.906 0.134 10.413 | 45 | 0.000

Table 5 Factor analysis of influences on company decision to expand current capacity or build new facilities (Primary and

Secondary respondents combined) (#=71)

Tablica 5. Analiza ¢initelja koji utje¢u na odluku poduzeca da poveca postojece kapacitete ili izgradi nove objekte (kombini-
rani odgovori ispitanika primarnoga i sekundarnog sektora, #=71)

Factor / Cinitelj
Business Labor productivity | Financing | Labor supply
climate & costs / Produktiv- | Financiranje | Ponuda radne
Poslovna klima nost i troskovi snage

State taxes / DrZavni porezi 0.899 0.284 0.053 0.102
Local taxes / Lokalni porezi 0.893 0.163 0.012 0.138
Community industrial climate 0.697 0.063 0.314 -0.128
Drustvena industrijska klima
Productivity of labor / Produktivnost rada 0.073 0.866 0.041 0.197
Labor costs / Radni troskovi 0.283 0.854 0.181 0.016
Workman’s compensation / Place radnika 0.470 0.638 0.293 0.110
Available capital / Raspolozivi kapital 0.128 0.169 0.898 0.053
Bank financing / Bankovno financiranje 0.119 0.103 0.839 0.171
Unskilled labor supply 0.124 -0.036 0.150 0.842
Ponuda neobucene radne snage
Skilled labor supply / Ponuda obucene radne snage -0.046 0.381 0.055 0.745

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization
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4 CONCLUSION
4. ZAKLJUCAK

In the aftermath of Hurricanes Katrina and Rita
in 2005, combined with the national recession and as-
sociated severe decline in housing starts that began in
2008, the Louisiana wood products sector seems to be
hanging on. In fact, even though this study was con-
ducted early in 2009, when these market conditions
were apparent, over a third of respondents from both
the primary and secondary sectors said that they had
plans to increase employment levels in 2009 and in the
2010-2014 period. For those respondents not planning
to hire new employees, labor-related issues were most
cited such as the lack of an available labor pool, lack of
ability to train new employees, and onerous workmen’s
compensation costs.

With regard to factors that promote or hinder
company success, long-term relationships with custo-
mers, general reputation in the market place, products
quality and availability were most important success
factors for both respondent groups. Information tech-
nology competencies such as simply having computing
capabilities or an Internet presence were deemed to be
the least important factors for company success. These
data infer that the wood products industry, at least in
Louisiana, remains a “people business” where personal
contact counts. With regard to business challenges,
neither group identified a plethora of factors that hinder
success. The consistent challenges for all respondents
had to do with volatile pricing which generally has to
do with market and economic conditions, and raw ma-
terial issues, particularly the ability to procure a consi-
stent source of supply for quality inputs.

Finally, when we looked at the issues that drive
company expansion, respondent data were segmented
nicely into four areas: the overall attractiveness of the
business climate of the community and state, labor pro-
ductivity, costs and supply, and financing. Overall busi-
ness and community climate relate to a number of issues
including quality of life for employees and their fami-
lies, tax structures and other typically state-level infra-
structure issues. Labor issues in the Louisiana wood
products have been researched frequently over the past
16 years and have been consistently identified as con-
straints to industry growth and competitiveness. Lack of
training options targeting the unique skill sets of the pri-
mary and secondary industry has been a particularly se-
rious problem over this period. Financing and availabili-
ty of capital are issues facing any industrial sector
regardless of location. These are also important influen-
ces on respondent company growth or expansion. Many
companies would like to grow but cannot due to these
infrastructure, labor and financing constraints.

In summary, Louisiana has an established wood
products industry and a significant forest land base.
The forest sector provides significant contributions to
the economies of most of parishes in Louisiana and is a
major employer statewide. The results in this article
help to provide the much needed continuity of the un-
derstanding of the wood products industry in the state.
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ABSTRACT ¢ Recovered wood is frequently contaminated with biocides and therefore its use is limited. Even
more, wood, impregnated with classical chromated copper arsenate (CCA) preservatives is classified as a haz-
ardous waste, therefore solutions for reuse or recovery of this material are sought. One of the options, discussed
in this paper is liquefaction and further applications of liquefied wood containing biocide remainings. In order
to elucidate this possibilty, spruce and beech wood was impregnated with liquefied CCB treated and untreaded
spruce wood of various concentrations and exposed to wood decay fungi according to the EN 113 procedure. In
paralel, the leaching experiments (ENV 1250-2) were performed as well. The results do not clearly show that lig-
uefied wood is bio-inactive. In most cases the mass loss by fungal attack is decreased compared to the untreated
controls. On the other hand, copper leaching from spruce wood, impregnated with the liquefied CCB treated wood
was significantly reduced. Thus, there are indications that the liquefied wood could be utilized as a binding agent
for inorganic biocides.

Keywords: liquefied wood, wood decay fungi, wood preservation, leaching, CCB, copper

SAZETAK - Prikupljeno uporabljeno drvo cesto je oneciséeno biocidima te je njegova ponovna uporaba
ogranicena. Osim toga, drvo impregnirano klasicnim krom-bakar-arsenat (CCA) zastitnim sredstvima klasificira-
no je kao opasni otpad te je nuzno pronaci rjeSenje za ponovnu uporabu ili sanaciju tako onecis¢enog drva. Jedna
od mogucnosti, prezentirana u ovome radu, jest utekucenje drva i daljnja primjena tako utekucenog drva koje
sadrzava preostale biocide. Radi razjasnjenja te mogucnosti, smrekovo i bukovo drvo impregnirano je utekué¢enom
nezasticenom smrekovinom i utekucenom smrekovinom zasticenom krom-bakar-boratom razlicitih koncentracija.
Tako obradeno drvo izlozZeno je djelovanju gljiva, sukladno postupku opisanom u normi EN 113. Paralelno je
proveden eksperiment ispiranja (ENV 1250-2). Rezultati istraZivanja nisu jasno pokazali da utekuceno drvo nije
bioaktivno. U vecini je slucajeva gubitak mase zbog djelovanja gljiva smanjen u usporedbi s neobradenim kon-
trolnim uzorcima. Osim toga, ispiranje bakra iz smrekovine impregnirane utekucenim drvom zasti¢enim CCB-om
znatno je smanjeno. Prema tomu, postoje znakovi da se utekuc¢eno drvo moze upotrijebiti kao vezivno sredstvo za
anorganske biocide.

Kljuéne rijeci: utekuceno drvo, gljive truleznice, zastita drva, ispiranje, CCB, bakar
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1 INTRODUCTION
1. UVOD

Concerns about the safety and environmental im-
pacts of impregnated recovered wood have increased
in recent years and so has also research into methods to
solve the handling problem of this important material.
The main problem with impregnated recovered wood
is that it still contains significant portions of preserva-
tives, which were chosen due to their toxicity towards
wood decay organisms. However, these preservatives
are also toxic to other organisms and are thus potential-
ly harmful to humans and to the environment (Amartey
etal.,2007).

The present paper focuses on waste wood that
was originally preserved with inorganic copper-based
preservatives, of which CCA (chromated copper arse-
nate) and CCB (chromated copper borate) are the most
abundant. CCA treated wood is classified as hazardous
wood waste at the end of its service life in some mem-
ber states of the EU and is subject to stringent require-
ments. In other member states it is classified as non-
hazardous and therefore subject to much less stringent
requirements (Helsen and Van den Bulck, 2005).

Even though the use of CCA and CCB has de-
creased recently in several countries (due to a ban on
consumer use of arsenic treated wood in the EU, the
USA, and Canada), the amount of CCA treated waste
wood is expected to increase drastically in several
countries in the years to come, e.g. Florida, USA (Solo-
Gabriele and Townsend, 2000) and Denmark (Affald
21, 1999). The demand for methods that ensure envi-
ronmentally safe and economically feasible handling
of this impregnated wood waste is huge.

Different methods for the disposal of CCA and
CCB treated wood waste are currently under develop-
ment or have been implemented in various countries
(either in a demonstration phase or in an industrial se-
tup). These methods include recycling and recovery of
the wood, thermal destruction and remediation (e.g.
bioremediation, extraction, etc.). The different metho-
ds of dealing with this treated wood waste were outli-
ned by Helsen and Van den Bulck (2005). Reuse invol-
ves the use of wood in new constructions e.g. land
piling and fences whereas recycling involves the pro-
duction of wood based composites. However, in seve-
ral countries, reuse and recycling of impregnated wood
is forbidden. Nevertheless, at some point, the wood
ends up as waste wood even though it has been reused
(Amartey et al., 2007).

Liquefaction of treated wood and its possible
uses for wood protection are outlined herein. Liquefac-
tion is one of the techniques that can convert wood bio-
mass into useful liquid materials (Tatsuhiko and Hiro-
kuni, 2001). Shiraishi and Hse (2001) recycled
creosote-treated southern pine by liquefaction in phe-
nol and were able to prepare novolac resin from the li-
quefied creosote treated wood. They discovered that
this resin is suitable for production of adhesives for
plywood. Lin and Hse (2005) reported that more than
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90 % of toxic metals (Cu, Cr, or As) can be removed
from liquefied CCA-treated wood by precipitation.
However, up to our best knowledge, there are no litera-
ture data on a potential (re)use of the liquefied CCB
treated wood as a preservative solution. The aim of the
study presented herein was to clarify the fungicidal
properties and leaching resistance of liquefied CCB
containing wood.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

Two types of Norway spruce (Picea abies Karst.)
wood were used for liquefaction: uncontaminated spru-
ce wood sawdust and Norway spruce wood impregna-
ted with a commercial preservative CCB solution, con-
sisting of 34.0 % CuSO, x 5H,0, 37.3 % K,Cr,0, and
28.7 % H,BO, (Silvanol, Silvaprodukt, Ljubljana, Slo-
venia). Norway spruce wood sawdust was soaked to
the aqueous solution of CCB for three days in order to
achieve uniform distribution and sufficient absorption.
Afterwards, impregnated wood was oven dried at 60 °C
for 7 days to ensure complete reduction of chromium.
Retention of the CCB in treated wood was 4 kg m?, as
required for the most frequent use class 3 applications
(outdoor) (Willeitner, 2001). The liquefaction was car-
ried out in a 1000 mL reactor equipped with a stirrer
and a cooler. The spruce wood sawdust was fractiona-
ted using a 0.24 mm sieve and oven dried (24 h, 103 °C)
prior to liquefaction. The reaction mixture was prepa-
red with 150 g of uncontaminated spruce wood sawdust
or spruce wood sawdust impregnated with the com-
mercial preservative solution - CCB, 450 g of ethylene
glycol and 13.5 g of sulphuric acid. The mixture was
then transferred into a glass reactor and the reactor was
immersed in an oil bath preheated to 180 °C to start the
reaction. The reaction time was set to 90 min. After
elapsed time, the liquefied wood was used for impre-
gnation and subsequent analysis.

The reaction between ethylene glycol and sul-
phuric acid without wood was performed as well, in
order to determine the fungicidal effect of the “lique-
faction” product without wood (450 g of ethylene
glycol and 13.5 g of sulphuric acid, 90 min). Prior to
impregnation of beech and Norway spruce wood speci-
mens, the liquefied wood was diluted with water, be-
cause the undiluted liquefied wood was too viscous to
be used for impregnation (dilution ratios are presented
in Table 1). The diluted liquefied wood was homogeni-
zed with a disperser (T 25 digital ultra-turrax, Ika) for
10 min. Concentration of copper in impregnated wood
and in liquefied CCB treated wood was determined
with X-ray fluorescence spectroscopy (Oxford instru-
ments, Twin-x). The measurements were performed
with PIN detector (U=26kV, I=112 pA, t=360s) on
three parallel specimens.

The samples for the tests with fungi were made
of beech (Fagus sylvatica L.) and Norway spruce (Pi-
cea abies Karst.) wood. The dimensions (1.5 cm x 2.5
cm x 5.0 cm) and orientation met the requirements of
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the standards EN 113 (2004) and ENV 1250-2 (2004).
The samples were vacuum-pressure impregnated (20
min vacuum -0.9 bar; 2 h 9 bar, 10 min vacuum -0.8
bar) (impregnation chamber Kambi¢) with 11 different
preservative solutions as can be seen in Tables 1 and 2.
Uptake of preservative solutions, and retentions were
determined gravimetrically. The impregnated speci-
mens were conditioned in the first two weeks after the
treatment in closed chambers, the third week in half-
closed and the fourth week in open ones, according to
the recommendations of the standards ENV 1250-2
and EN 113. The control specimens exposed to wood
decay fungi were left un-impregnated.

Resistance of impregnated wood against wood
decay fungi was determined according to the modified
EN 113 (2004) procedure. Beech wood specimens
were exposed to white rot fungi (Trametes versicolor
(L.:Fr.) Quél. and Hypoxylon fragiforme (Pers.) J. Ki-
ckx f.) and spruce wood specimens were exposed to
brown rot ones (Gloeophyllum trabeum (Pers.) Murrill,
and Antrodia vaillantii (DC.) Ryvarden). Two speci-
mens were exposed in the same incubation jar (V =500
ml), one impregnated and the other one un-impregna-
ted. Control specimens were also exposed in separate
jars, as the virulence controls. The surface of the inocu-
lated nutrient medium was approximately 115 cm? lar-
ge. After 16 weeks of exposure, mass losses of the de-
cayed specimens were determined gravimetrically. The
biological part of the investigation was performed on
five replicate specimens.

For the leaching tests, only two series of wood
specimens, impregnated with two different diluted li-
quefied CCB wood solutions were chosen (see the first
two rows in Table 2). For comparison (the third row in
Table 2), an aqueous solution containing the same
amount of copper as in the three times diluted liquefied
wood was included as well (c., = 170 ppm). Prior to
impregnation, axial surfaces of the specimens were end
sealed with an epoxy coating (Epolor, Color). In order
to further speed up the experiment, the following two
modifications of the ENV 1250-2 standard procedure
were done: instead of five, three specimens were posi-
tioned in the same vessels and water mixing was achie-
ved with shaking by the non-rotatory shaker (Kambic)
device instead of using magnetic stirrer. To obtain three
parallel leaching test data sets, nine specimens per so-
lution/concentration/treatment were put in three sepa-
rate vessels (three specimens per vessel). Afterwards,
the samples in the vessels were positioned with wei-
ghts. 300 g of deionized water was added per vessel
and the vessels with its contents were shaken with a
frequency of 60 min™'. Water was replaced for six times
in four subsequent days, as prescribed by the standard.
Leachates from the same vessel were collected and ag-
gregated. Afterwards, atomic absorption spectroscopy
(Varian SpectrAA Duo FS240) analysis of the leacha-
tes was performed. Percentages of the leached copper
were calculated from the amount of retained copper,
determined gravimetrically and the amount of copper
in the collected leachates was established.
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3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The impregnation process resulted in rather high
uptakes of preservative solutions. The average uptakes
of preservative solutions were about 650 kg-m. Wood
species and composition of preservative solution did
not have significant influence on the uptake. This is ra-
ther surprising, as the uptake of a viscous solution is
usually higher with beech specimens than the uptake
with spruce specimens (Lesar and Humar, 2010). Pre-
sumably, there are two main reasons for comparable
uptakes of beech and spruce wood specimens: firstly,
the specimens were rather small, with rather high por-
tions of axial surfaces and secondly, the liquefied wood
contained ethylene glycol that causes wood swelling
(Mantanis et al. 1994), which enables penetration of
larger molecules of liquefied wood to less permeable
wood species (such as spruce).

Mass loss of the control specimens varied
between 15.9 % and 36.3 %. The highest mass loss was
measured with beech wood exposed to H. fragiforme
and the lowest one with spruce wood exposed to A.
vaillantii (Table 1). It should be considered that this
mass loss is rather low, but this is in line with our pre-
vious results (e.g. Humar and Lesar, 2008). This fungal
strain was chosen as it is extremely tolerant to copper
and some other biocides, and with copper treated spe-
cimens mass losses are generally higher than mass los-
ses of control specimens (Humar and Lesar, 2008),
which can be clearly seen from our results as well.

Polyols are frequently used for liquefaction of
wood. The results of Budija et al. (2009) clearly indica-
ted that liquefied wood contains considerable portions
of polyol. Thus, the influence of the reaction product
between pure ethylene glycol and sulphuric acid,
without wood, on fungal growth was of a particular in-
terest as well. The results presented in Table 1 clearly
show that the reaction product of ethylene glycol and
H,SO, reduced decay, but not enough to fulfill the re-
quirements of the EN 113 standard. According to EN
113, wood protection provided by a wood preservative
at a given concentration is regarded as adequate if the
mean mass loss of treated specimens is less than 3 % of
their initial dry mass. For example, mass losses of the
control specimens exposed to G. trabeum (33.8 %)
were approximately three times higher than mass los-
ses of spruce wood specimens, impregnated with the
aqueous solution of the product formed during the
reaction between ethylene glycol and H,SO, (13.3 %).
But this value is still more than four times higher than
prescribed by the EN 113 standard for effective preser-
vatives. Similar influence of the glycol — sulphuric acid
reaction product was determined with other specimens,
exposed to wood decay fungi, with an exemption of 4.
vaillantii. Mass loss of the specimens, impregnated
with the ethylene glycol - H,SO, product was in this
case only two percentage points lower than the mass
loss of the control spruce wood specimens (Table 1).

Despite the fact that more than 100 kg'm™ of the
dry liquefied wood remained in the impregnated wood
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Table 1 Influence of impregnation with various aqueous solutions based on liquefied (liq.) wood and liquefied CCB treated
wood on mass losses of spruce or beech wood specimens after 16 weeks of exposure to wood decay fungi (standard devia-

tions are given in brackets)

Tablica 1. Utjecaj impregnacije razli¢itim vodenim otopinama na bazi utekuéenog drva i utekucenoga drvnog otpada
zasti¢enoga CCB-om na gubitak mase uzoraka od smrekovine i bukovine nakon 16 tjedana izlaganja gljivama truleznicama

(standardne devijacije dane su u zagradama)

Impregnation solution Retention Wood decay fungi* / Gljiva truleznica
Otopina Za impreghacyu . Retencija A. vaillantii | G. trabeum | T. versicolor | H. fragiforme
water : liquefied wood mass ratio kg/m? .

maseni omjer voda : utekuceno drvo Mass loss, % / Gubitak mase, %

3:11lig. wood / 3: I utekuceno drvo 89.5(12.1) | 19.2(2.6) 19.1 (2.0) | 22.8(1.7) 21.7 (3.1)
9 :11iq. wood / 9: I utekuceno drvo 44.0 (8.5) 14.9 (1.1) 15.3(2.4) 17.4 (2.4) 15.7 (3.3)
27 :11iq. wood / 27: 1 utekuéeno drvo 14.8 (2.5) 9.4 (0.3) 251(3.3) | 21.9@3.5) 23.4(1.1)
50 : 1 lig. wood / 50: 1 utekuceno drvo 8.2 (1.6) 13.0(1.7) | 28.5(3.2) 18.8 (3.4) 26.1 (1.8)
100 : 1 lig. wood / 100: 1 utekuéeno drvo 4.5(1.2) 12.4(1.0) | 31.7(3.4) | 20.7(2.9) 27.3 (3.5)
3: 1 lig. CCB treated wood 1122 (11.2) | 259(1.5) | 21.1(1.9) | 20.8(2.3) 19.4 (0.8)
3 : 1 utekucéeno drvo zasticeno CCB-om

9 : 1lig. CCB treated wood 449 (3.2) 14.6 (2.0) 17.4 (3.2) 14.4 (2.4) 15.1 (3.7)
9 - 1 utekuéeno drvo zasticeno CCB-om

27 : 1 lig. CCB treated wood 14.8 (1.7) 10.5(2.4) | 22.2(3.3) | 25.0(1.8) 27.1(1.3)
27 : 1 utekuceno drvo zasticeno CCB-om

50 : 1 lig. CCB treated wood 11.7 (2.7) 11.0 (1.8) | 22.4(3.0) 17.9 (2.1) 25.0(3.3)
50 : 1 utekuceno drvo zasticeno CCB-om

100 : 1 lig. CCB treated wood 7.0 (4.7) 11.9(1.2) | 25.1(1.8) 15.0 (1.9) 26.0 (2.1)
100 : 1 utekuéeno drvo zasticeno CCB-om

3 : 1 ethylene glycol + H,SO4 47.7 (8.0) 12.6 (1.7) 13.3(1.7) 14.2 (1.9) 14.4 (0.8)
3 : 1 etilen glikol + H,SO4

Control / kontrolni uzorak / 159 (1.5) | 33.8(3.2) | 26.7(1.8) 36.3 (2.6)

*The A. vailantii and G. trabeum tests were performed with spruce wood specimens and the 7. versicolor and H. fragiforme tests with beech
wood specimens. / Gljive A. vailantii i G. trabeum primijenjene su za uzorke od smrekovine, a T. versicolor i H. fragiforme za uzorke od buko-

vine.

after impregnation (Table 1), it did not have a major
influence on fungal decay. In general, mass losses of
the specimens, impregnated with the liquefied wood
were higher than mass losses of the specimens impre-
gnated with the ethylene glycol - H,SO, reaction pro-
duct only. Even more, mass losses of the specimens
impregnated with liquefied wood and exposed to 4An-
trodia vaillantii were even higher than mass losses of
control specimens. Similar results were obtained with
specimens impregnated with other combinations of li-
quefied wood. This result indicates that liquefied wood
did not have significant fungicidal effect, and therefore
cannot be utilized for preservation in a current form.
This is in line with the results of Alfredsen ez al. (2004).
They have screened four different tall oil derivates.
The derivatives exhibited some fungicidal properties in
agar screening test, but none of them was proven as a
fungicide during mini block testing (agar block test).
It was expected that the liquefied CCB containing
wood could perform better than the pure liquefied wood,
due to the remained biocides (copper and boron). The
concentration of copper in the three times diluted lique-
fied CCB treated wood (3 : 1 lig. CCB treated wood)
was 170 ppm. Therefore, the results of the fungicidal test
were unexpected. Wood, impregnated with the liquefied
CCB containing wood, exhibited the same weak resi-
stance against wood decay fungi as wood impregnated
with the pure liquefied spruce wood, despite the fact that
there was approximately 0.12 kg-m™ of copper in wood
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impregnated with the highest solution of the liquefied
CCB treated wood. It has been reported (Humar and Le-
sar, 2008) that this retention is sufficient to protect wood
at least against copper sensitive fungi like G. frabeum
and 7. versicolor. There could be two reasons for low
efficacy of wood impregnated with the liquefied CCB
treated wood. Firstly, copper in liquefied wood might be
in insoluble or in a less fungicidal form, which decreases
its efficacy. And secondly, liquefied wood is acidic. Ave-
rage pH of liquefied wood is around 1 (Budija, 2010). It
is well known that copper is considerably less fungitoxic
in an acid environment than in a neutral one (Humar ez
al., 2005).

In the second part of the research we were intere-
sted in the leaching of the active ingredients from
wood, impregnated with the liquefied CCB containing
wood. This question was of a general interest, as one of
the issues related to copper based preservatives is how
to achieve sufficient copper fixation in wood. Between
40 % and 60 % of copper is leached from wood impre-
gnated with the aqueous solution of copper without li-
quefied wood (Richardson, 1997). Similar leaching
ratios were also determined with spruce and beech
wood specimens impregnated with copper(I) sulphate
solution in our experiment (Table 2).

Surprisingly, considerably lower leaching rates
were determined from wood impregnated with the li-
quefied CCB treated wood. The leaching rates were
particularly low with spruce wood specimens. For in-
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Table 2 Copper leaching from wood specimens impregnated with liquefied CCB impregnated wood determined according to

the ENV 1250-2 procedure

Tablica 2. Ispiranje bakra iz uzoraka drva imregniranih uteku¢enim drvom zasti¢enim CCB-om, odredeno prema postupku

ENV 1250-2

Impregnation solution / Otopina za impregnaciju Wood species Leached Cu, %
water : liquefied wood mass ratio / maseni omjer voda: utekucéeno drvo Vista drva Isprani bakar, %
3:1 lig. CCB treated wood beech / bukovina 17.7 (2.1)

3 : 1 utekuceno drvo zasticeno CCB-om spruce / smrekovina 4.2 (0.6)

9 : 1 lig. CCB treated wood beech / bukovina 20.1 (1.7)

9 : 1 utekuceno drvo zasticeno CCB-om spruce / smrekovina 5.4(0.3)

* aqueous solution of copper(I]) sulfate beech / bukovina 57.8(2.9)
vodena otopina bakar(Il)sulfata spruce / smrekovina 56.7 (2.4)

*For comparison, specimens were treated with the aqueous solution of copper(Il) sulfate of the same concentration as in liquefied CCB treated
wood (of the 3 : 1 dilution ratio). Standard deviations are given in the parenthesis. / Za usporedbu, uzorci su obradeni vodenom otopinom
bakar(Il)sulfata jednake koncentracije kao i uzorci obradeni utekuéenim drvom zasticenim CCB-om (omjer razrjedenja 3:1). Standardne

devijacije dane su u zagradama.

stance, from spruce wood blocks, impregnated with the
liquefied CCB treated wood, between 4.2 % and 5.4 %
of retained copper was leached. This is considerably
lower than reported for copper(Il) sulfate treated wood.
Furthermore, these leaching rates are comparable to
the leaching rates determined with copper-ethanolami-
ne treated wood (Zhang and Kamdem, 2000). Howe-
ver, leaching from beech wood, impregnated with the
liquefied CCB treated wood, was approximately four
times higher (Table 2). This might be somehow related
to the fact that liquefied CCB treated wood was made
of spruce wood. Similar results were observed with the
leached beech and spruce wood blocks, impregnated
with the aqueous solutions of boric acid and liquefied
spruce wood (Lesar ef al., 2011). This presumption
needs to be addressed in future studies.

Normally, the observed low leaching rates of
copper from wood, impregnated with the liquefied
wood containing CCB, can be considered useless in the
context of disappointingly low antifungal resistance of
wood, impregnated with the CCB liquefied wood.
However, low copper leaching supports the assumed
reason for low efficacy: copper in combination with the
liquefied wood assumably formed less soluble or inso-
luble forms. A possible application of the recovered
CCB contaminated wood could be in the preparation of
new wood protecting copper based solutions. Careful
tuning of the ratio between liquefied wood and copper
in such solutions could retain some copper efficacy on
one side and on the other side decrease its leaching.
The appropriate fungicidal efficacy could be improved
by the addition of a co-biocide.

4 CONCLUSIONS
4. ZAKLJUCCI

Wood, impregnated with liquefied wood did not
exhibit sufficient resistance against wood decay fungi.
Also the wood, impregnated with the liquefied CCB
containing wood, was not effectively protected against
the selected wood degrading fungi. This indicates that
CCB treated liquefied wood needs to be supplemented
with additional biocides to ensure sufficient protection.
However, copper leaching from spruce wood, impre-
gnated with the liquefied CCB treated wood, was signi-
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ficantly reduced. Thus, there are indications that the
liquefied wood could be utilized as a binding agent for
inorganic biocides. However, up to our best knowled-
ge, we are not aware of studies on energy consumption
during wood liquefaction processes. Potentially, wood
liquefaction could be costly and economically ineffi-
cient in industrial scale. So, there is an urgent need to
perform economic analyses of wood liquefaction befo-
re a decision for industrial applications of liquefied
wood is made.
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ABSTRACT e The scope of this paper is the analysis of occupational diseases occurred in forestry and wood
processing industry (WPI) between 2000-2009. The aim of this analysis is to highlight the development of oc-
cupational diseases and the impact of selected factors on development trend. The basis for the analysis was the
basic information on affected persons - gender, job, age and duration of exposure to harmful agents, as well as the
information about specific diseases and factors that support the appearance of the disease. Data for the ten-year
observation period were evaluated graphically and the correlation between the selected qualitative characteristics
was determined by the method of contingency tables. An interesting result is the proportion of diseases among
women in the WPI, which reaches nearly 40%, in forestry where men are mostly harmed. The most often repre-
sented disease in forestry is vibration disease. The total share of the three types of this disease (vibration disease
of joints, bones, tendons and muscles, disease of blood vessels and nerves, other vibration diseases and combined
diseases caused by vibration) accounts for up to 52% of all occupational diseases. In the wood processing industry
the damage of workers’ hearing was the most frequently occurring harm.

Key words: occupational diseases, forestry, wood industry

SAZETAK ¢ Cilj rada bio je prikazati analizu pojavnosti profesionalnih bolesti u Sumarstvu i drvnopreradivackoj
industriji (WPI) u razdoblju 2000 — 2009. godine u Slovackoj. Svrha analize bila je naglasiti razvoj profesion-
alnih bolesti i utjecaj odredenih cinitelja na trend njihova razvoja. Analize se temelje na osnovnim podacima o
oboljelima — na spolu, poslu, godinama starosti, trajanju izlaganja Stetnim tvarima te na podacima o posebnim
bolestima i ciniteljima koji su pridonijeli pojavi bolesti. Podaci za desetogodisnje razdoblje prikazani su graficki,
a analiza korelacije izmedu odredenih kvalitativnih obiljezja napravljena je metodom kontingencijskih tablica. Za-
nimljiv je rezultat udjela oboljelih Zena u drvnopreradivackoj industriji koji doseze gotovo 40 %, a u Sumarstvu su
oboljeli uglavnom muskarci. Najces¢a bolest u Sumarstvu jest bolest prouzrocena izlaganjem vibracijama. Ukupan
udio triju tipova te bolesti (bolesti zglobova, kostiju, tetiva i misi¢a, bolesti krvnih Zila i Zivaca; drugih bolesti od

! Authors are associate professor, assistant and associate professor at Faculty of Forestry, Technical University of Zvolen, Zvolen, Slovakia.
! Autori su izvanredni profesor, asistentica i izvanredni profesor Sumarskog fakulteta Tehni¢kog sveucilista u Zvolenu, Zvolen, Slovacka.
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vibracija ili u kombinaciji s vibracijama) u svim profesionalnim bolestima iznosi 52 %. U drvnopreradivackoj je

industriji najzastupljenija bolest oStecenje sluha radnika.

Kljuéne rijeci: profesionalna bolest, Sumarstvo, drvnopreradivacka industrija

1 INTRODUCTION

1. UVOD

Current status of occupational diseases in the
Slovak Republic can be characterized in terms of stati-
stics as a positively evolving. It is confirmed by the
information on the number of newly reported occupa-
tional diseases in 2008, when 201 cases were registe-
red. Compared to 2007 (413 cases) it is a significant
drop, particularly in terms of more negligible decrease
in the number of workers in hazardous workplaces
from 116,297 workers in 2007 to 115,825 workers in
2008, representing approximately 0.4 % (Statistical
Office of the Slovak Republic).

Forestry and wood processing industry affect
these facts significantly. They are among the sectors
with the highest risk of occupational diseases, work
injuries, etc. Vibration, noise, long-term unilateral
excessive workload of the body, but also diseases tran-
smitted by wood ticks are regarded as the most impor-
tant factors with the harmful effect on humans. The
most common diseases transmitted by wood ticks (in
the Slovak Republic Ixodes ricinus) are the Lyme di-
sease and wood tick-borne encephalitis. Untreated,
these diseases can have serious consequences.

The term vibration means the oscillating move-
ment of bodies or mechanical continuum. Vibrations
can be transmitted to the organism as a whole, or to its
parts, especially to hands:

1. Overall vibration is transmitted to a seated or stan-
ding person from vibrating seat, floor or platform
so that it causes intense vibration of the whole
body.

2. Vibrations transmitted to the hands are transferred
from the vibrating handle or other object held by
hands, especially to hands of exposed persons — e.
g. vibrations transmitted to the workers from the
handles of manual pneumatic tools, steering wheel,
etc.

3. Vibrations that cause intense shivering of upper
spine and head are regarded as vibrations transmit-
ted in a special way. Vibrations from the seat are
considered as overall vibrations.

In the case of workers engaged in logging, it is
necessary to pay special attention to vibrations tran-
smitted from a portable chain saw (PCHS) to hands.
Negative synergistic effect of vibrations and cold may
have the effect of white fingers disease. Untreated, the
disease ends up in gangrene in many cases.

It is possible to eliminate the effects of vibrations
on human body by appropriate work and rest regime,
selection of appropriate anti-vibration gloves, and by
the use of tools of appropriate age, technical conditions
and maintenance. A relationship between vibrations le-
vel and the age of instrument used was shown only in
55 cases out of 107 portable chainsaws (Goglia and
Zgela, 2003).
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In addition to fixed hand tools, the sources of vi-
bration in the wood processing industry are also wood-
working machines, saws. Goglia and Grbac (2005)
analyze the measurement results of the whole-body vi-
bration transmitted to the frame saw operator during an
ordinary working day. Vibration was measured in all
operations performed during the normal frame saw
working cycle. Frequency spectra were obtained for all
measurements and the results were graphically presen-
ted according to the ISO 2631-1-1986 recommenda-
tions. The weighted r.m.s. acceleration was also calcu-
lated, and the duration of each single frame saw
operation was measured. The energy-equivalent vibra-
tion level, corresponding to the total duration of expo-
sure was calculated, too. Thus obtained values were
compared with the daily exposure limits according to
the ISO 2631-1-1997.

The noise is a side-effect of vibrations. It can be
defined as any unwanted sound that causes an ugly or
disruptive perception or harmful effect. The noise is
directly harmful to the organ of hearing and causes per-
manent hearing loss if the sound level is higher than 85
dB(A). Above 130 dB(A), adverse effects have already
been observed on tissues (the pain threshold) and abo-
ve 160 dB(A) the drum damage occurs.

Occupational hearing loss occurs when the organ
of hearing is continuously and repeatedly exposed to
noise during work or working process. The core of oc-
cupational time-worn of hearing is a degenerative da-
mage up to complete destruction of sensory cells of
hearing organ by the noise with the subsequent damage
of other elements inside the ear. The inception and se-
verity of the occupational hearing disease depends on:
- character of noise,

- conditions of noise exposure,
- particular factors related to the exposed person.

OSHA (Occupational Safety and Health Admini-
stration) has set a maximum permissible average noise
level of 90 dB(A) per eight-hour working day. The per-
missible noise exposure rises to a maximum of 115
dB(A), a level that can be tolerated for only 15 minutes
or less per day. A circular saw produces between 100 and
109 dB(A), a medium-sized woodworking shop in full
operation averages about 110 dB(A), and a chain saw
may peak at 130 dB(A) (OSHA In Wellborn).

The Croatian scientists tried to reduce the effects
of circular saw noise using a rubber damper (damping
rubber-ring). The noise was analyzed using nine rolls
- three of different diameter and three of different type.
Due to the whistling sound, the blades without slots
emitted very high sound pressure levels. There were no
significant changes when the rubber damping-rings
were used. The use of the rubber damping-rings on the
samples with radial slots eliminates the whistling noi-
se. The saws with copper corks did not emit a whistling
noise at all and their aerodynamic noise was 2-3 dB(A)
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lower than the aerodynamic noise of the saws with ra-
dial slots (Beljo Luci¢ and Goglia, 2001).

During the noise loading measurement of the
operator of the tractor, with additional striking rotary
cultivator, at work in the cabin with open vent holes, in
all the cases reported higher levels of noise were recor-
ded than permitted by law. The highest values excee-
ding the maximum allowable noise levels were measu-
red in the workplace of SS Namestovo - 89.2 dB(A)
(KI¢ and Radocha, 1998).

A common problem in both sectors is a disease of
long-term, unilateral overloading of limbs. Occupatio-
nal diseases caused by long-term, unilateral overloa-
ding affect the structure of the locomotor limb system
- bones, joints, tendons, muscles, nerves and blood ves-
sels. They are caused by various business activities as-
sociated with an overloading of limbs without provi-
ding time necessary for recovering. The inception of
the disease depends on the factors at work and indivi-
dual anatomo-functional characteristics of a worker
related to the type and way of work performance.

A specific factor affecting the human health in
the wood processing industry is dust generated by
wood processing. The effect of dust on the human body
depends on its physical, chemical and biological pro-
perties and its quantity in the air and respiratory activi-
ty (eg. strain). The dust particles are inhaled through
the nose and mouth and some 40 to 50% of particles
with the size of 0.02 mm are caught on the nose hairs,
nose mucous membranes, mouth and in the upper re-
spiratory tract. The upper respiratory system retains
most particles larger than 0.005 mm. Only the respira-
ble dust, which is deposited in the tracheas and alveo-
lars, gets into the lower respiratory tract. The dust also
pe netrates into the conjunctival sac, settles on the skin
and causes thecoryza and conjunctivitis, skin eczema,
breathlessness and allergic reactions (IrSa, 2010).

Dzurenda et al. (2010) analyzed the dust particles
of oak wood that was cut with a frame saw with a nar-
row slice, before and after thermal modification. The
sawdust of the thermally modified dry oak created in
the sawing process consists of chip granularity ranging
from 0.0412 mm to 3.6 mm, whereas the unmodified
oak wood chips sawdust consists of granularity in the
range from 0.0448 mm to 12.1 mm.

A new phenomenon, of which the inhabitants of
Slovakia are already getting aware, is bioenergetics.
For the workers in forestry this means, in terms of safe
work, identification and definition of new risks (Sucho-
mel and Belanova, 2009) and analysis of previously
defined risks in this sphere. In the whole process of
energetic chips production (from the establishment of
plantations of fast-growing trees, their management,
and energy management to their cutting), there is a
wide range of risks: the risk of working with chemicals
in the fertilization in case of small areas, the risk of
accidents during trimming, but also during cutting by a
cutter, and especially when using a portable chain saw,
which is also physically demanding. It is therefore re-
commended only for small areas (Trenéiansky et al.,
2007). In the processing of forest biomass, there are the
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risks such as the above mentioned noise, vibration,
dust and the risk of accident and also the risks occur-
ring in storing of and work with energy chips such as
fungi, mold, dust, terpenes and many other allergens.
In solving issues related to safety and health of
workers (SHW), the prevention plays an important
role. The basis for applying this approach to ensure sa-
fety and health at workplace is knowledge, which is
required not only at senior officer level, but also for
workers. Therefore, based on a risk analysis, a propo-
sal of preventive, organizational and control measures
should be developed in the forestry practice and wood
processing industry in the Slovak Republic. It is also
necessary to make technical and design changes of ma-
chinery and equipment, changes in technology, proce-
dures and regulations, particularly in the SHW-area.

2 MATERIAL AND METHODS
2. MATERIJAL | METODE

The data necessary for the purpose of occupatio-
nal diseases analysis were obtained from the National
Health Information Center. The information obtained
is related to the occupational diseases recorded for the
years 2000-2009 in Slovakia in the business activity
(by NACE) 02 - Forestry, timber logging and related
services and 20 - Manufacture of wood and wood and
cork products, except furniture; straw products and
products made of plaiting materials.

The database contains data categorized by:
= occupation of affected person,
= age of affected person,
= gender of affected person,
= gpecific disease,
= harmful agent,
= duration of exposure to the harmful factors.

They were sorted by year and the above mentio-
ned business activities.

The biggest deficiency found in the obtained do-
cuments was the absence of some information for cer-
tain periods. There were no data mainly for 2003 and
2004, describing the duration of workers’ exposure.
The duration of exposure to a certain harmful factor
plays an important role e.g. in the development of stan-
dards and subsequent compliance of work and rest re-
gime, which is reflected in the number of occupational
diseases, but also in the occurrence of accidents.

In the reports for the period 2000-2002 there was
a lack of essential information about the harmful factor,
exposure to which caused the occupational disease.
The relevance of this information mainly lies in the ef-
fort to improve the state of SHW in Slovakia, primarily
in the form of prevention, in the effort to increase the
efficiency and to optimize the work processes and to
ensure the return of the workforce, etc.

2.1 Analytical works
2.1. Analiti¢ki radovi

For the reasons stated in the previous paragraph,
the evaluation of occupational diseases was not simple.
The essential information on duration of exposure had to
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Table 1 Example of Contingency Table
Tablica 1. Primjer tablice kontingencije
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be analyzed separately for the “first” and “second” pe-
riod. Similarly, the data about occupation had to be eva-
luated in two parts because of the occupation list. The
database was evaluated in Excel charts. The results were
compared cumulatively for the entire period, within the
scope of specific business activities and years.

2.2 Contingency table
2.2. Tablice kontingencije

The method of Contingency Table was used to
analyze the relationship between quality characters.

When there are two multipal qualitative factors
A, B, of which the first occurs in the variations (de-
grees) 4., 4,, 4,, ... 4, and the second in the variations
(degrees) B, B, B, ... B_, their sorting forms kx m
contingency table as shown in Tab. 1.

The degree of dependence between the multiple
qualitative factors 4, B is measured by comparing the
actual frequencies in particular stages of the Contin-
gency Table n; with the expected multiplicity n'ﬁ as-
suming the independence of factors 4, B. The expected
dependences are calculated according to equation:

ny = (1)

They are calculated by multiplying the marginal
frequencies (m, for factor 4 and n, for B factor) range
divided by a set of n.

The basis for the calculation is the quantity y?
(chi square), which is specified by the relationship:

oS DO e

b

The calculation of y* is done directly in the con-
tingency table, where the expected frequencies n’ij or
the differences (nl.,.f n’i/.) are recorded in each grade (box
table) except the actual frequencies. Other symbols 7,
k, m are known from the text.

The expected frequencies must also be calculated
for the table boxes where the actual frequencies do not
occur. The frequencies in the respective boxes enter the
calculation of y? with the value
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The formula gives reliable results when the sam-
ple size is n > 40. If any of the frequencies in the con-
tingency table is less than 5, the appropriate correction
must be made in order to make the result reliable. The
most advantageous correction is the one proposed by
Yates (Myslivec, 1957, in Smelko and Wolf, 1977) re-
siding that the value of 0.5 be added to the minimum
frequency and the other frequencies be adjusted so as
to keep the marginal frequencies unchanged. In the
case that 20 < n <40 and any of the expected frequen-
cies n'; is less than 5, the class in which the frequency
is included should be merged with the neighboring
(closest relative) class of 4 or B factor. For the range
set n < 20 this methodology should not be used at all.

Variable y? is the basis for a test of hypothesis
about the independence of factors 4 and B. Its small
values argue in favor of the hypothesis, the large values
against the hypothesis.

In practice, the compliance with the asymptotic
distribution is considered to be sufficient if a;>5Vij.
If the X2>;(2(k_1) (@), the hypothesis of independence
of factors A, B is rejected. The critical values of y* w“n
(o) are tabulated, while (k-1) (m-1) represent the
number of degrees of freedom.

Sometimes the y? is also called the ratio of assur-
ance. The value of y? variable tells whether the depen-
dency between factors 4 and B could be regarded as
statistically significant or not. It does not say anything,
however, about the dependence degree of these factors.
The degree of dependence can be expressed by a coef-
ficient of correlation of two multiple qualitative factors
A, B, which is calculated by the Cuprov formula (Ur-
bach, In Smelko and Wolf 1977):

— x 4
b \/n~,/(k—1)~(m—1) @

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

From the reports on occupational diseases, risk of
occupational disease, professional poisonings and other
health damages at work, we evaluated 505 illnesses in
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Figure 1 Frequency of occupational diseases classified by
years

Slika 1. Pojavnost profesionalnih bolesti u promatranom
razdoblju po godinama

business activity (NACE) 02 - Forestry, logging and re-
lated services and 71 diseases in business activities 20 -
Manufacture of wood and products of wood and cork,
except furniture, manufacture of articles of straw, plai-
ting and suchlike materials for the period 2000 — 2009.

The maximum number of diseases occurred in
forestry in 2004 and in WPI in 2000. Interesting is the
decrease in the occurrence of occupational diseases in
the last five years (Fig. 1), i.e. since 2005 (mainly in
forestry). Further annual development of diseases fre-
quency has a fluctuating nature. In the future, however,
it may be expected that occupational diseases frequen-
cy will have a decisively negative impact on this devel-
opment as the way of performance of forest activities
has changed in the Forests of Slovakia, the State Enter-
prise. They are now performed on contract basis, the
non-employment arrangements with no possibility to
relax and with newly adopted systemic measures (e.g.
regular special medical examinations). In the WPI the
highest number of occupational diseases was recorded
in 2000. In 2004 the curve reached the second maxi-
mum and the trend is similar to forestry sector up to
2009. Like in forestry, an increase of occupational dis-
eases can be expected.
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Figure 2 Frequency of occupational diseases in forestry and
WPI classified by gender

Slika 2. Pojavnost profesionalnih bolesti u Sumarstvu i
drvnopreradivackoj industriji prema spolu

The disproportion in the number of occupational
diseases in forestry classified by gender can be justified
by the number of female employees in this activity and
also by the character of work (Fig. 2). The proportion
of women with recognized occupational disease in the
WPI, however, is up to 39% of all affected workers.
This phenomenon can be partly explained by the fact
that women are mostly occupied as auxiliary workers
in this activity. Their work is often physically demand-
ing, performed under adverse conditions and with a
low level of mechanization. This situation has arisen
due to the above mentioned facts and because the lim-
its of women physical loading has been disregarded.

The occurrence of specific types of disease was
evaluated by activities (Fig. 3) and also by gender (Fig.
4). Most of the diseases present in forestry are diseases
caused by vibration —vibration disease of joints, bones,
tendons and muscles (2802), disease of blood vessels
and nerves (2801) and other vibration diseases and
combined diseases caused by vibration (2803). The to-
tal share of these three types of diseases is only 52% of
all diseases. This fact may be affected by the propor-
tion of work carried out by machanes affecting the hu-
man body by vibration. The occurrence of diseases
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Figure 3 Occurrence of specific diseases classified by activities
Slika 3. Zastupljenost pojedinih profesionalnih bolesti u Sumarstvu i drvnopreradivackoj industriji
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Figure 4 Occurrence of specific diseases in forestry and WPI classified by gender
Slika 4. Zastupljenost pojedinih profesionalnih bolesti u Sumarstvu i drvnopreradivackoj industriji prema spolu

transmissible from animals to humans either directly or
through a vector (2600) is largely influenced by the na-
ture and conditions of workplace. This disease domi-
nates in women working in forestry, as they are mostly
the ones who carry out silvicultural activities. In 2009,
the disease ,,acute carbon monoxide poisoning™ was
reccorded in forestry for the first time in the observed
period. In specific conditions (dense young vegetation
— tending felling and regeneration felling - natural re-
generation, respectively) a specific microclimate (en-
closed space) develops with little wind, which may
lead to contamination of the environment with CO,
when the portable chain saw is used.

Dominant diseases in men in WPI correspond to
the overall occurrence of occupational diseases in the
WPI, thus mostly hearing is harmed by an excessive
noise. The occurrence of diseases defined as other vi-
bration diseases and combined diseases from vibra-
tions (2803), diseases of tendons, tendon sheaths and
muscle insertions from excessive overloading (2902)
and vibration disease of joints, bones, tendons and
muscles (2802) can be characterized as high. Inwomen,
the most often recognized disease had the nature of
permanent nerve palsy caused by local pressure (2904),
then diseases of tendons, tendon sheaths and muscle
insertions from excessive overloading (2902) and pro-
fessional dermatoses caused by other chemicals (or-
ganic and inorganic) (2217) follow.

Harmful factors occurring in forestry and wood-
working industry, generating an occupational disease, or
risk of occupational disease inception, poisoning, etc.
are discussed in Figure 5 (Fig. 5). A simple analysis of
the occurrence of occupational diseases in forestry indi-
cated the most frequent harmful factor - vibrations. The
share of vibrations transmitted to the limbs (machines,
tools) (2002000001) accounted for 35 % and the share
of mechanical vibrations (2002000000) accounted for
almost 10 % of these factors. The WPI had the largest
share of harmful factors - repetitive work with unilateral
movements (4000020004), a significant share of vibra-
tions transmitted to the limbs (machine, tools)
(2002000001) and the noise (continuous noise, inter-
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rupted noise, noise in liquids) (2001010001). Notewor-
thy is the share of noise as a harmful factor, because it
reached nearly 16 % of all the above factors in wood
processing industry and in forestry the noise factor ac-
counted for approximately 2.9 %. It can be assumed that
the differences are caused by the specific noise spread-
ing in large workshops and in open spaces. In assessing
diseases caused by noise, the following factors should
also be taken into consideration: noise parameters of
machines and equipment, time of exposure to noise,
technological and organizational measures, selection of
adequate personal protective equipment and their proper
use. In open space, it would be appropriate to assess the
synergistic effect of weather on the action of vibration
and noise as a harmful factor. In order to compare the
age of occupational disease recognition in forestry and
wood processing industry particular ages were catego-
rized. The maximum in both activities was reflected in
the range of 50 to 55 years. The curve describing the
development of the occupational disease frequency in
dependence on age has the course corresponding to the
development shown in the chart (Fig. 6). Statistically,
this distribution of frequencies can be characterized as
right-asymmetric, i.e.: with the increasing age, the num-
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Figure 5 Occurrence of harmful factors
Slika 5. Zastupljenost Stetnih Cinitelja u Sumarstvu i
drvnopreradivackoj industriji
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Slika 6. Pojavnost profesionalnih bolesti u Sumarstvu i
drvnopreradivackoj industriji prema godinama starosti

ber of recognized occupational diseases goes up. The
development of occupational diseases by age is de-
pendent on physical age of the worker, on duration of
exposure and on individual susceptibility of the
worker to the noise loading.

The same sort of intervals was also used to com-
pare the age of occupational disease recognition clas-
sified by gender (Fig. 7). In forestry, in men, the high-
est number of recognized occupational diseases
occurs in the age of 50 to 55, and there is also a high
occurrence in the two adjacent age classes (45-50, 55
+), where the number of diseases in men working in
the WPI also dominates. The culmination of recog-
nized diseases in women is significant in both sectors
in the age ranging between 50 and 55.

It has been possible to evaluate the duration of
exposure as a factor influencing the risk of occupation-
al diseases due to a database of information obtained
only for the period 2000-2002 and 2005-2009. The
chart (Fig.8) shows that the highest frequency of oc-
currence of occupational diseases in wood processing
industry was registered in workers who were exposed
for a period of 5 years. This is due to the fact that after
1989 there was an increase of ordinal reconstruction,
i.e building of private low-capacity sawmills with saws
for primary wood processing with a very simple mech-
anization. Similarly, work staff was not selected on
condition of passing a medical examination at a spe-
cialized medicine department or Occupational Medi-
cine Clinic. These conditions have probably led to this
result. In forestry, workers who have been exposed to
harmful factors for 6 to 10 years during their work are
mainly affected. The number of occupational diseases
caused by exposure from 11 to 30 years is relatively
balanced. This may be affected by a responsible atti-
tude of the employer who, because of the risk of occu-
pational or professional disease, ensures the shift of
employees to another position.

In this context, Sowa and Leszczynski (2007)
recommend to shorten the exposure time. They estab-
lished the highest risk of hearing damages in 50 years
old workers with a 30-year exposure.
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number of occupational
diseases
broj oboljelih

age / dob
Figure 7 The age of occupational disease recognition
classified by gender
Slika 7. Godina prepoznavanja profesionalne bolesti u
Sumarstvu i drvnopreradivackoj industriji prema spolu

The frequency of occupational diseases is com-
pletely different, depending on the duration of expo-
sure in men and women (Fig. 9). In the category with
the exposure up to 5 years, they had a relatively similar
number of recognized diseases. A maximum number of
diseases occurred in women, and fewer diseases oc-
curred in men. Based on this result it can be said that
the female body has a higher sensitivity to harmful fac-
tors, mainly in the early years of exposure to a given
factor. For men working in forestry a balanced course
of the curve is typical, describing the frequency of oc-
currence of occupational diseases in dependence on the
duration of exposure. And for men working in the WPI,
two maximum values were recorded in the category
with the exposure from 5 to 10 years and from 30 to 35
years during the observed period.

The analysis of the occurrence of occupational
diseases classified by occupation was only possible in
two separate parts because of changes in job classifica-
tion. In the period 2000 - 2002 (Fig. 10), the workers in
timber logging process (excluding mobile machinery
operator) (6142), as well as workers working as opera-
tors of sawmills and other equipment for woodworking
(8141) and operators of agricultural and forestry ma-
chinery (8331) were frequently affected by occupa-
tional diseases. A high percentage of occurrences of
occupational diseases in timber logging workers is in
accordance with a high risk of work and the share of
these workers in forestry.

80

B Forestry/Sumarstvo

70 Wood processing/prerada drva I

60 -
50 -
40
30 -

20 A

number of occupational diseases
broj oboljelih

N I - - IS S
NI S SIS S

exposure / izlaganje

Figure 8 Frequency of occupational diseases in forestry and
WPI related to the duration of exposure

Slika 8. Pojavnost profesionalne bolesti u Sumarstvu i
drvnopreradivackoj industriji u odnosu prema trajanju
izlaganja
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Figure 9 Frequency of occupational diseases related to the
duration of exposure and gender
Slika 9. Pojavnost profesionalne bolesti u Sumarstvu i
drvnopreradivackoj industriji prema trajanju izlaganja i spolu

The results of the assessment of occupational dis-
eases in relation to occupation and work nature in the
period 2003 - 2008 show that the highest number of
recognized diseases was recorded in workers of group
61. This group is made of qualified (skilled) workers
working in agriculture, forestry, fishing and hunting. It
is the most numerous group of workers with the high-
est exposure to harmful agents at workplace. The sig-
nificant risk also occurred in groups 32 (Technicians in
biology, medical and agricultural workers and related
branches workers) and 92 (Auxiliary and unqualified
workers in agriculture, forestry, fisheries and related
branches). Affected persons were also recorded in the
following professions:

6141 — Workers in silviculture and forest treatment,
9212 — Auxiliary and unqualified forestry workers,
3212 — Technicians in Agronomy, Forestry, Agriculture
and Water Management,

71 — Qualified workers at raw material exploitation,
builders and employees in close branches (except ope-
rators of machines and devices),

83 — Drivers and operators of mobile machinery.

In the woodprocessing industry (Fig. 11) persons
employed as operators of woodworking machines and

those working in papermill (8149), cabinetmakers,
woodcarvers and producers of wood products includ-
ing the repairers (through the use of simple tools)
(7422) and timber harvesting workers (except the mo-
bile plant operators) (6142) were the most affected in
the first period (2000-2002). The qualified market ori-
ented workers in agriculture, forestry, fishery and hunt-
ing (61) were assessed as the most hazardous profes-
sions (with 9 reports) in the second monitored period,
they were followed by operators of industry devices
(81) with 7 reports and then came the auxiliary and un-
qualified workers in mines, quarries, industry, build-
ing, transport and related sections (93) with 5 reports.
Other affected person’s professions were:

7123 — Carpenters and cabinetmakers,

8141 — Operators of saw and other wood processing
devices,

8240 — Operators of automatic and semi-automatic
woodworking machines (except machine setters),
8285 — Assembly workers mounting wood and wood
based products,

74 — Other qualified processors and makers, else un-
mentioned (except machine and device operators),

82 — Operators of stationary devices and assembly
workers,

91 — Auxiliary and unqualified employees oriented to
distribution and service,

92 — Auxiliary and unqualified employees in agricultu-
re, forestry, fishing and kindred profession,

99 — Unclassified or unknown.

The above mentioned method of the Contingency
Tables (Tab. 2) has been used for statistical evaluation
of dependency on its degree in the case of qualitative
indicators: for the duration of exposure and number of
occupational diseases in men and women in forestry
and wood processing industry.

The formulation of the null hypothesis: there is
no correlation between duration of exposure and the
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affected person’s profession / zanimanje oboljelih

Figure 10 Frequency of occupational diseases in forestry in relation to the affected person’s profession
Slika 10. Pojavnost profesionalne bolesti u Sumarstvu prema radnome mjestu oboljelih
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number of occupational diseases
broj oboljelih

affected person’s profession / zanimanje oboljelih
Figure 11 Frequency of occupational diseases in WPI related to the affected person’s profession
Slika 11. Pojavnost profesionalne bolesti u drvnopreradivackoj industriji prema radnome mjestu oboljelih

occurrence of occupational disease in men and women
in forestry and WPIL.

With the 5 % significance level and the degree of
freedom 2, the chi square tabulated value is represented
by 6.0 (¢*< 1,0 45))- thus it can be concluded that the pre-
sented hypothesis is rejected with 95 % probability. The
significant differences were observed in the interval with
the duration of exposure up to 5 years, when the men
reported the lowest occurrence of occupational diseases.
The women, with regard to the range of specified inter-
vals, represent the category with the highest occurrence
of occupational diseases. This argument confirms the
different sensibility of men and women and also the
varying intensity of harmful factors activity.
r,,=0.28953703

The dependence existing between the occurrence
of occupational diseases, or professional diseases in
men and women, in relation to the duration of exposure
can be defined as poor.

The application of the Contingency Tables meth-
od also allows the evaluation of the correlation between
the industrial deafness, vibration disease and workers’
age (Tab. 3).

Table 2 Number of occupational diseases in men and
women in relation to the exposure duration

Tablica 2. Broj profesionalnih bolesti muskaraca i Zzena u
odnosu prema trajanju izlaganja

Occupational diseases / Profesionalna oboljenja
Exposure duration Men W9men >
Trajanje izlaganja Muskarci Zene

up to 5 years 28 21 49
do 5 godina 42.97447796 | 6.025522
5—20 years 183 23 206
5 — 20 godina 180.6682135 | 25.33179

more than 20 years 167 9 176
vise od 20 godina 154.3573086 | 21.64269

) 378 53 431
x*=51.0975997; Degree of freedom (DF): 2

DRVNA INDUSTRIJA 62 (3) 219-228 (2011)

Table 3 Correlation between industrial deafness, vibration
disease and workers’ age

Tablica 3. Korelacija izmedu industrijske gluhoce, bolest
zbog izlaganja vibracijama i godina starosti

Occupational diseases / Profesionalne bolesti

Age/ Industrial deafness / | Vibration disease /| X

Godine | Industrijska gluhoca Bolesti zbog

starosti vibracija

24 - 44 2.5 68.5 71
7.352750809 63.647249

45 + 29.5 208.5 238
24.64724919 213.35275

) 32 277 309

x* =4.638594; Degree of freedom (DF): 1

The formulation of the null hypothesis: there is
no correlation between age and occurrence of industrial
deafness and vibration disease. As one of the frequen-
cies in the contingency table was less than 5, the Yates
correction was applied.

The critical value of chi square for the 1% degree
of freedom and significance level a = 5 % is )(21(0'05):
3.8. As the calculated value of y ? (4.64) is greater than
the tabulated critical value, it can be said with 95 %
probability that the presented hypothesis is rejected.

The coefficient of association r,, = 0.122522
characterizes the dependence between age and deaf-
ness and vibration disease occurrence as weak.

4 CONCLUSIONS
4. ZAKLJUCCI

Although nowadays a variety of jobs are provi-
ded, where human presence may be almost completely
eliminated, there are still occupations in which the hu-
man factor dominates for many reasons. Despite of
preventive measures and compliance with safety and
health at work, it is not possible to prevent occupatio-
nal diseases and professional diseases, respectively.
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The analysis of results showed that the occurrence of
diseases recorded during the last reporting period is not
negligible either. There is a high proportion of diseases
in women in WPI, which reaches nearly 40 %, while in
forestry men are mostly affected. The most frequent
disease in forestry is the vibration disease. The total
share of the three types of the vibration disease amoun-
ts to 52 % of all diseases.

In the wood processing industry, the damage to
hearing was the most frequent disease. In forestry, men
and women in the same age group - 50 to 55 were the
most frequently affected. The same is true for women
working in the WPI; in men working in this sector most
diseases were found in the last three categories, i.e. age
above 45 years. Based on the available data, it can be
concluded that the number of deceases developed diffe-
rently depending on the duration of exposure and gender
in both sectors, but most diseases occurred in workers
exposed to short-term exposure (up to 10, i.e. 5 to 15
years - men in forestry). Men who work in WPI are an
exception, as two maxima in the frequency chart of di-
seases were found there. In forestry, workers in timber
logging process (except mobile equipment operators) are
most highly affected by occupational diseases, i.e.
workers assigned to a group of skilled workers in agricul-
ture, forestry, fishing and hunting. In theWP], the affected
persons are those employed in other service facilities for
wood and paper mills, such as skilled market oriented
workers in agriculture, forestry, fishing and hunting.

One of the main factors influencing the develop-
ment of occupational diseases in Slovakia is the disin-
tegration of the health care system. This is obvious
mainly in the neglected preventive health examina-
tions, where it is often possible to identify a threat from
an occupational disease. Only a few companies organi-
ze convalescent stays for their workers. Mainly in fore-
stry, the development of occupational disecases was
crucially influenced by the fact that the work is provi-
ded by contractors. The basic legislative rule relating to
the Health and Safety at workplace in Slovakia (Natio-
nal Council of Slovak Republic No. 124/2006 Coll. on
health and safety at work and amendments thereof)
only refers to employees, but does not address the issue
of HSW among traders and self-employed persons.
Therefore, it is necessary to initiate a change in legisla-
tion that would include ensuring the safety and health
of sole traders mainly in terms of organization, control
and consequences solution.
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ABSTRACT e The author recapitulates the development of the sawmilling in the Czech Republic after the World
War II, and describes the major investments in the nineties of the past century and since 2000 until today. The
paper shows the main timber-processing plants bordering with the surrounding countries, which fundamentally af-
fect the exports of the logs from the Czech Republic. In the next part the author presents the summary of roundwood
cutting in the period 1991 to 2009, and describes the creation of the database of the important sawmill plants in
the Czech Republic. These plants are then divided into 7 groups according to the size, and their list is available in
Table 2. Subsequently the paper provides a general division of the sawmill plants into individual groups according
to the used technology. Then the author compares the sawmill sawing of more than 50,000 m® of logs per year in
the Czech Republic, Switzerland, Germany and Austria. The conclusion of the paper deals with the potential future
development of the sawmill capacities in the Czech Republic and with the level of their expected concentration.

Key words: Czech sawmilling, sawmill production, sawing capacities, log cutting technology

SAZETAK * Autor prikazuje i analizira razvoj pilanarstva u Republici Ceskoj nakon Drugoga svjetskog rata te
opisuje kapitalne investicije 1990-ih godina i one od 2000. godine do danas. U radu se prikazuju glavna postro-
Jenja za obradu drva smjestena u blizini granice sa susjednim zemljama, koja znatno utjecu na izvoz trupaca iz
Republike Ceske. U jednom dijelu rada autor daje sazeti pregled obrade oblog drva u razdoblju od 1991. do 2009.
godine i opisuje stvaranje baze podataka o vaznim pilanama u Republici Ceskoj. Pilane su prema velicini podijel-
Jene u sedam skupina, a njihov prikaz dan je u tablici 2. Nakon toga u radu se moze pronaci opcenita podjela
pilana u skupine prema primijenjenoj tehnologiji obrade trupaca. Autor zatim usporeduje postrojenja koja pro-
piljuju vise od 50 000 m® trupaca u godini u Republici Ceskoj, Svicarskoj, Njemackoj i Austriji. Zakljucno, u radu
se navode mogucnosti razvoja pilanskih kapaciteta u Republici Ceskoj i predvida stupanj njihova okrupnjavanja.

Kljucéne rijeci: cesko pilanarstvo, pilanska proizvodnja, pilanski kapaciteti, tehnologija obrade drva

1 INTRODUCTION
1. UVOD

After 1948, due to the nationalization of industry
in our country, the sawmill production was also separa-
ted from the development in the Western Europe. No big
sawmill plants larger than 200,000 m? of logs cut per
year were established for a long time in the Czech Repu-
blic, and most of the production was aimed at the saw-
mill cutting ranging between 20,000 and 50,000 m? of

logs per year. The first steps toward the bulk production
in this field were made in the seventies of the 20™ centu-
ry (Zdirec, Vrbno pod Pradédem, Volary, Borohradek);
however, there was no massive onset of new sawmill
technologies. A classic frame-saw technology with a
very low level of automation played a major role. Simi-
lar development was recorded in the eighties of the 20®
century, and it can be said that there was no development
of the sawmill capacities through several generations, as
used to be the case in western countries.

! The author is the Chairman of the Association of Woodworking Plants in the Czech Republic, Policka, Czech Republic.
! Autor je predsjednik UdruZenja drvopreradivackih poduze¢a u Republici Ceskoj, Politka, Republika Ceska.
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In 1991, the first small sawmill plants were tran-
sferred into private hands due to a small wave of priva-
tization and they started developing gradually. No-
netheless, the majority of the mid-sized sawmill plants
remained within the associations of the former large
woodworking plants, which were organized on a regio-
nal level and controlled centrally. Then within the fra-
me of these associations, such plants were transferred
into private ownerships through a large privatization.

Thereafter, the first entries of the foreign capital
into this field were recorded in the independent Czech
Republic. This was an investment project of the com-
pany named Schweighofer into the sawmill plants in
Zdirec, and later in Pland u Marianskych Lazni (Prazan
and Ptikasky, 2007).

The first half of the nineties of the 20™ century
was the time of a serious chaos, and the then-unknown
phenomenon of insolvency. This naturally brought in
considerable problems in transformation of the forest
economy for the newly founded corporations, which
made the base of the timber trade.

Not sooner than after 2000, other investments
into timber processing were made to enhance further
development of the later bankrupt sawmill plant in
Pteni — a company of Javofice a.s., and especially later
via the largest investment into the sawmill plant in
Paskov by an Austrian company of Mayr Melnhof.

Within the last 5 years, the situation has changed
considerably in Central Europe, and the vicinity of our
borders received new investments involving the re-
sources of large timber logs cutting held by the fol-
lowing companies:

— Klausner Holz Sachsen in Kodersdorf (northern
border with Germany)

— Holzindustrie Maresch in Retz (near the southern
border with Austria)

— Ludwig Ziegler in Betzenmiihle (near the western
border with Germany)

In the Czech Republic this type of development
has been simultaneously accompanied by an important
investment project of Javofice a.s. in Pteni, by a further
increase of the sawmill capacity in Zdirec (Stora Enso
Timber), and by a new, very intensive construction of
the sawmill in Chanovice (near Horazd’ovice) rendered
by a German company of Haas Fertigbau.

All of these investment projects do naturally create
a certain tension on the market of coniferous timber logs,
and certainly because of that, some of the projects have
never been implemented (Protivin, Northern Bohemia,
Etc.). However, during the development of large saw-
mills, the sawmill plants of various capacities, being
established for many years, have become subject to era-
dication (e.g. Sumperk, Vrbno, Volary, Jirkov, Marian-
ské Lazn¢, Vrchlabi, Letohrad, Jihlava, Etc.). Neverthe-
less, in the same period many — especially very small
- sawmill plants were established with an insignificant
total timber production (Prazan, Pfikasky: 2007). The
newest development also caused the closure of the first
large-scale sawmill plant in the Czech Republic (Javotice
a.s. in Pteni) in the beginning of 2009. On the other hand,
a new sawmill plant was built in Caslav (260,000 m?® of
logs cut per year).

2 SAWING OF LOGS
2. PILUIENJE TRUPACA

Today the sawing of logs and production of tim-
ber may be determined from the sources of the Mini-
stry of Agriculture of the Czech Republic stated in the
report on the status of the forests and forest economy in
the Czech Republic.

A summary of these data is presented in Table 1
below.

According to the information of the Ministry of
Agriculture of the Czech Republic, the above data were
determined based on the total roundwood exploitation
in the Czech Republic, out of which the exports of the
logs are deducted and to which the imports of the logs
are added. Based on the ratio of the fiber, fuel and
roundwood, the cuts are calculated additionally. Accor-
ding to the author, the amount of sawn logs in 2010
may be estimated to approximately 7,000,000 m?.

3 IMPORTANT SAWMILL PLANTS
3. VAZNA PILANSKA POSTROJENJA

In autumn 2009, the management of the Associa-
tion of Woodworking Plants in the Czech Republic
(hereinafter referred to as “SDP”), which represents

Table 1 Sawing of logs and production of timber in thousands of cubic meters (m?®) (Ministry of Agriculture of the Czech

Republic: 1991 —2009)

Tablica 1. Piljenje trupaca i proizvodnja piljenica iskazani u tisuéama metara kubi¢nih (m®) (Ministarstvo poljoprivrede

Ceske Republike, 1991 —2009)

Year Sawing of logs Timber production Year Sawing of logs Timber production
Godina Piljenje trupaca | Proizvodnja piljenica Godina Piljenje trupaca Proizvodnja piljenica

1991 3,850 2,400 2001 6,600 3,889

1992 3,850 2,400 2002 6,441 3,800

1993 4,500 2,800 2003 6,500 3,805

1994 5,600 3,500 2004 6,800 3,940

1995 6,000 3,800 2005 6,900 4,003

1996 6,200 3,900 2006 8,650 5,080

1997 5,784 3,393 2007 8,700 5,454

1998 6,250 3,420 2008 7,650 4,636

1999 6,580 3,577 2009 6,700 4,048

2000 7,170 4,106
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Table 2 Division of the Czech Republic sawmill plants processing coniferous and leafy timber according to the amount of

logs sawn in 2009 (active as of December 31, 2009)

Tablica 2. Podjela ¢eskih pilana koje preraduju Cetinjace i listace prema koli¢ini propiljenih trupaca u 2009. godini (podaci

od 31. prosinca 2009)

. . Average log
3
Size group in m Number of | Total sawing Per?ent :,) f| Percent of sawing of the
Sequen- | of logs sawn per . . sawing, % | the total .
. sawmill of logs in . o plant in thou-
ce num- | Yyear/ Velicina . . Udjel u | number, % 3
L Group title plants in | thousands of . sands of m’ per
ber | skupine iskazana Naziv skupi th 3 ) Ukupni ukupnom Udjel u | Prosiecni
. .. skupine e group | m upni year / Prosjecni
Broj kolicinom = prorezu ukupnom o
skupi Tienih Broj pilana |  prorez u i broi godisnji prorez
ipine propiljeni T 5 Svi roju ; L
u skupini | tisucama m . . pilane u tisu¢ama
trupaca pilana,% | pilana, % .
super-large
1 200,000 plus | sawmill plants 4 2,850 40.1 04 712
supervelike pilane
large sawmill
2 50,000 — 200,000 | plants 12 956 13.5 1.1 80
velike pilane
large-medium
sawmill plants
3 20,000 — 49,999 umjereno velike 35 1,005 14.1 33 29
pilane
mid-sized sawmill
4 10,000 — 19,999 | plants / pilane 58 747 10,5 54 13
srednje velicine
small sawmill
5 5,000 9,999 | Plants of category | gg 565 8.0 8.3 6.4
’ ’ 2 / male pilane 2. ’ ’ ’
kategorije
small sawmill
6 2,500 — 4,999 fl’lf“;:jﬂ?;?;zio}'y 37+80% | 127 +250* 53 11.0 32
kategorije
very small
7 0-2,499 sawmill plants 750%* 600* 8.5 70.5 0.8
vrlo male pilane
Total / Ukupno 1,064* 7,100%** 100 100 6.7

* estimate of the amount and roundwood consumption of the small and very small sawmill plants not included in the list of the sawmill plants
and not detected by the research conducted by SDP / procjenjuje kolicinu potrosnje oblog drva malih i vrlo malih postrojenja koja nisu
ukljucena u listu pilanskih postrojenja i nisu ukljucena u istraZivanja koja provodi SDP

** assumed sawing of all plants in the Czech Republic derived from the report on the status of the forests (Ministry of Agriculture of the Cze-
ch Republic: 2008) and from the percentage of drop in the sawing between 2008 and 2009 (found from the research conducted by SDP) /
pretpostavja kolicinu proreza svih pilana u Ceskoj Republici prema izvjeséu o stanju suma (Ministarstvo poljoprivrede Ceske Republike,
2008) i prema postotku smanjenja proreza izmedu 2008. i 2009. godine (utemeljeno na istrazivanjima koja provodi SDP)

primarily the small and mid-sized plants, organized an
extensive opinion poll among its member firms with
the objective to find their current cutting capacity du-
ring 2008 and 2009, their revenues, and their total
number of employees.

Based on the verified data on the annual sawing
of logs in the sawmill plants, decision was made to
create a nationwide list of important sawmill plants in
order to allow monitoring of the participation of the
SDP firms in the total sawing in the Czech Republic.
For the purpose of this task, a team was assembled,
which verified and detected the locations and outputs
of the larger sawmill plants in the Czech Republic from
December 2009 to February 2010. The guidance was
based on the documentation provided by the manage-
ment of Terra Magazine, on the original summary of
the sawmill plant activities, and on the private database
of the sawmill plants created by certain professionals
in this field in the Czech Republic. Most of the plants
were contacted by telephone, and the sawing data were
provided by the owners or responsible employees. For
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the purpose of comparison, the data from 2008 were
also requested (if known and available). With regard to
the practical impossibility to find the sawing data from
the small and very small plants, the minimum borderli-
ne was determined as 2,500 m?® of log sawing per year.
The list was created successfully and contained more
than 230 sawmill plants.

Based on the analysis of this list, the sawmill
plants were divided into size groups according to the
amount of the log sawing. In order to complete the
quantity calculation of all sawmill plants, a professio-
nal estimate was made of the quantity of the small and
very small sawmill plants according to the experiences
from the regions of the Czech Republic, and according
to the detected numbers of the sawmill plants in Ger-
many, Austria and Switzerland. The mobile sawmill
plants operating during a year at various locations were
not accounted for.

The division of all sawmill plants is shown in Ta-
ble 2.
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Table 3 Comparison of the amount and of sawmill plants in Central Europe processing more than 50,000 m* roundwood per

year (Holzkurier 2010a, 2010b, 2009)

Tablica 3. Usporedba veli¢ine proreza u pilanama Sredi$nje Europe koje propiljuju vise od 50 000 m* u godini

Country Number | Number of sawmill | Annual consumption | Plan for 2010 | % of sawing from
Drzava of firms | plants (locations) of roundwood in | in thousands of | the country total
Broj Broj lokacija thousands of m*2009 | m?/ Plan za in 2009 / Postotak
tvrtki | pilanskih postrojenja |  Godisnja potrosnja 2010. u proreza u ukupnom
trupaca u tisu¢ama m® | tisucama m’ prorezu 2009.
Austria / Austrija 37 55 12,481 12,663 95
Germany / Njemacka 75 89 28,151 28,435 77
Switzerland / Svicarska 6 7 888 950 40
Czech Republic 15 16 3,806 unknown 54
Republika Ceska

4 DIVISION OF SAWMILL PLANTS
ACCORDING TO LOG CUTTING
TECHNOLOGY

4. PODJELA PILANA PREMA PRIMIJENJENOJ
TEHNOLOGUI

The division of sawmill plants in the Czech Re-
public was performed according to the amount of cubic
meters (m?) of logs cut per year to fit into groups, whi-
ch also partially correspond to the technological advan-
cement of individual sawmill plants. (Friess, 2000).

Generally, the individual cutting capacity groups
could be divided as follows:

Groups according to the annual sawing of logs in
cubic meters (m?)

0 - 5,000:

very small sawmill plants with no mechanical equip-
ment; very small sawmill plants with frame saws without
sawmill ground floors; or simple band-saw plants;
2,500 — 5,000:

small sawmill plants with no mechanical equipment; or
small sawmill plants with primitive mechanical equip-
ment with no electric drive;

5,000 — 10,000:

smaller sawmill plants mostly with single-frame saws;
or exceptionally band-saw plants with several indivi-
dual saws;

10,000 — 20,000:

mid-sized sawmill plants with single-frame saws but
mostly dual-frame saws; moderately mechanical mid-
size sawmill plants with electric-drive conveyors, mo-
stly working in one shift; or log band-saw plants com-
bined with trimming saw or resaw;

20,000 — 50,000:

large-medium sawmill plants with dual-frame gang
circular saws, automated with mechanical equipment,
mostly working in two shifts; or in some cases, the fra-
me-saw plants, also combined with lines for cutting
small diameter roundwood;

50,000 — 200,000:

large sawmill plants with aggregate technologies, auto-
mated, working in two or three shifts; or in some cases
aggregate lines with a line of frame-saws for cutting
thick logs;

200,000 plus:

super-large sawmill plants of more than 1,000,000 m?
of logs cut per year, with very powerful aggregate tech-
nologies, fully automated, working in three or four
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shifts — usually these plants feature more than one ag-
gregate line, but there are also single-line operations
with such high output achieved by means of continuo-
us production.

5 COMPARISON OF LARGE SAWMILLS
IN THE CZECH REPUBLIC AND
SURROUNDING COUNTRIES |

5. USPOREDBA VELIKH PILANA U CESKOJ |
OBLIZNJIM DRZAVAMA

The creation of the list of sawmill plants in the
Czech Republic and detection of their sawing in 2009
allowed the comparison of large and super-large saw-
mill plants in the Czech Republic with certain coun-
tries that feature sawmill plants sawing more than
50,000 m® of roundwood per year — this comparison is
shown in Table 3.

6 POTENTIAL FUTURE DEVELOPMENT OF
CONCENTRATION OF CAPACITIES IN THE
CZECH REPUBLIC

6. MOGUCNOSTI RAZVOJA |
OKRUPNJAVANJA PILANSKIH KAPACITETA
U REPUBLICI CESKOJ

As seen in Table 3, the Czech Republic has not
yet reached such concentration of the sawing in large
sawmill plants as for example Austria and Germany,
but the Czech Republic has already superseded the
plants in Switzerland. The total rapid increase of the
sawing in the Czech Republic is not usually the order
of the day because the surrounding countries rather im-
port the timber logs from the Czech Republic than
export, and the resources in the Czech Republic are
continuously exploited to their maximum at permanen-
tly sustainable output.

Due to the above reasons, it may be said that the
establishment of the additional large sawmill capaci-
ties with more than 500,000 m® of logs processed per
year may not be expected, and that otherwise the large
shifts in the sawing may happen in the amounts of
20,000 — 100,000 m* with a shift to the higher level of
processing at the expense of the small ones. Generally,
it may be concluded that approximately 50% of all co-
niferous roundwood in the Czech Republic is proces-
sed by small and mid-sized sawmill plants, so they still
happen to be the basic processors of this raw material.
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We may assume that the additional concentration
would be coming at a slow rate, not as fast as hitherto,
and that the levels of, for instance, Germany may be
reached within 10 to 20 years. The gradual moderniza-
tion and increase in work productivity will cause the
improvements in sawing of certain mid-sized sawmill
plants; however, due to the long-term insecure situa-
tion in purchasing raw materials, such modernization
would not be happening so often, and several of such
plants may again cease to exist because of high in-
debtedness created by investments into the process of
modernization.
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Medunarodno znanstveno
savjetovanje WoodEMA 2011

U organizaciji Oddelka za lesarstvo Biotehniske
fakultete Sveucilista u Ljubljani i medunarodne aso-
cijacije za ekonomiku i menadzment u preradi drva i
proizvodnji namjestaja WoodEMA, i.a., u Kozini (Slo-
venija) od 8. do 10. lipnja 2011. godine odrzano je 4.
medunarodno znanstveno savjetovanje pod naslovom
WoodEMA 2011 - Development trends in economics
and management in wood processing and furniture ma-
nufacturing.

Za savjetovanje je na 34 rada prijavljeno 60 auto-
raiz devet europskih zemalja i iz Sjedinjenih Americkih
Drzava. Savjetovanju je nazocilo 30 autora.

S. Borkowski i R. Stasiak-Betlejewska (Poljska)
odrzali su predavanje o stanju i trendovima na europ-
skom trzistu drvnih proizvoda.

J. Drabek i1 M. Merkova (Slovacka) u svom su se
radu bavili moguénostima vrednovanja povrata inve-
sticija u ljudske potencijale.

K. Durkova (Slovacka) takoder se bavila lju-
dskim potencijalima i predstavila je rad s temom pogo-
dnosti zaposlenika u drvopreradivackoj struci.

J. Dvoracek i H. Mat’ova (Slovacka) u svom su
radu predstavili filozofiju dizajna za sve, odnosno izra-
du namjestaja namijenjenu osobama s invaliditetom te
obradili percepciju javnosti o takvom namjestaju.

P. Gejdos (Slovacka) predstavio je rad o uvodenju
sustava ISO 9000 u drvopreradivacku djelatnost u
Slovackoj.

B. Glavonji¢, M. Nesi¢ i P. Sretenovi¢ (Srbija)
dali su prikaz socioekonomskog znacenja proizvodnje
drvenog ugljena u Srbiji.

K. Greger, K. Bi¢ani¢ i D. Glumac (Hrvatska)
predstavili su provodenje sustava upravljanja kvali-
tetom u proizvodnji namjestaja.

S. Hasanié, S. Brdarevi¢ i M. Obucina (Bosna i
Hercegovina) dali su prikaz kontrole kvalitete masiv-
nih drvnih ploca primjenom dijagrama troSak—ucinak.

Predavanje prof. dr. sc. Denisa Jelaci¢a
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Prezentacija novog predsjednika WoodEMA izv. prof. dr. sc.
Darka Motika

M. Hitka, A. Hajdukova i M. Sirotiakova
(Slovacka) u svom su se radu bavili motivacijom upo-
slenika u jednoj slovackoj tvrtki.

D. Ivkovi¢, M. Nesic¢ i B. Glavonji¢ (Srbija) dali
su prikaz upravljanja proizvodnjom u povrsinskoj
obradi drvnih proizvoda.

D. Jelaci¢ (Hrvatska) predstavio je analizu
motivirajué¢ih ¢imbenika u uvjetima normalnoga go-
spodarskog okruzenja i u uvjetima gospodarske krize.

M. Jost, P. Groselj, A. Zupancié¢ i L. Oblak (Slo-
venija) predstavili su na¢in razvoja u proizvodnji drv-
nih prozora primjenom metode Quality Function De-
ployment (QFD).

V. Kaputa, H. Palug, J. Parobek i M. Supin
(Slovacka) predstavili su probleme koji se pojavljuju u
odredivanju troSkova pri ugovaranju Sumskih radova.

J. Kropivsek, B. Likar, P. Groselj i M. Jost (Slo-
venija) dali su prikaz gospodarske situacije u preradi
drva i proizvodnji namjestaja u Sloveniji.

A. Kusa, A. Zauskova i V. Pizano (Slovacka) pre-
dstavili su vrednovanje alata marketinskog miksa pri
odabiru namjestaja u Slovackoj.

0. Kusy (Slovacka) osvrnuo se na nacin vredno-
vanja u¢inkovitosti procesa kontrolinga u poduzeéima
za preradu drva i proizvodnju namjestaja.

7. Meloska, 1. Petrovska i B. Anakiev (Makedo-
nija) u svom su radu opisali trenutacno stanje i strate-
giju izvoza namjestaja u Makedoniji.

M. Merkova i J. Drabek (Slovacka) prezentirali
su mogucnosti u¢inka izravnih stranih ulaganja u
Slovacku.

M. Moro, R. Ojurovi¢, K. Segoti¢, D. Motik i A.
Pirc (Hrvatska) predstavili su raspodjelu investicija u
preradi drva i proizvodnji namjesStaja u Hrvatskoj u
razdoblju 2005 - 2009.
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Sudionici savjetovanja WoodEMA 2011

N. Neykov, A. Dobrichkova i A. Petkov (Bugar-
ska) prikazali su utjecaj medunarodne financijske krize
na proizvodnju i prodaju drvnih proizvoda i namjestaja
u Bugarskoj.

R. Novakova i A. Tomankova (Slovacka) opisali
su mogucnosti 1 nacine dobivanja nepovratne finan-
cijske potpore u popularizaciji znanosti i tehnologije u
drvopreradivackoj industriji.

R. Novakova (Slovacka) ujedno je predstavila
rad s temom odnosa dodane vrijednosti za kupca i pro-
fita za proizvodaca u preradi drva i proizvodnji namje-
Staja.

L. Oblak, A. Zupanci¢, J. Kropivsek (Slovenija)
prikazali su mogucnosti razvoja pojedinih specijalizi-
ranih proizvodnji u slovenskoj proizvodnji namjestaja.

H. Palus i J. Parobek (Slovacka) dali su prikaz
promjena u konkurentnosti pojedinih klastera u
Sumarstvu Slovacke.

S. Petrovi¢ 1 B. Glavonjié¢ (Srbija) prikazali su
standarde i certifikaciju drvnog ugljena i briketa od dr-
vnog ugljena te njihov utjecaj na razvoj i ujednacavanje
trzista.

A. Pirc, D. Motik, M. Moro, K. Segoti¢ i V. Gas-
pari¢ (Hrvatska) dali su prikaz odnosa ukupnog priho-
da i zaposlenosti u drvnom sektoru Hrvatske.

V. Pizano, A. Kusa i A. Zauskova (Slovacka) pre-
dstavili su potencijal slovackih drvnih poduzeca s ob-
zirom na kori$tenje internetom radi priblizavanja po-
tencijalnim kupcima.

M. Potkany (Slovacka) prikazao je metodologiju
vrednovanja ekonomskih uéinaka outsourcinga u pre-
radi drva i proizvodnji namjestaja.
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Na izletu u Postojnsku jamu

P. Schwarzbauer, S. Weinfurter, T. Stern, W. Hu-
bert, S. Koch, C. Ledl i L. Jazayeri-Thomas (Austrija)
dali su detaljan prikaz simulacije potraznje drva u Au-
striji.

A. Sujova (Slovacka) u svom je radu predstavila
pristupe restrukturiranju u preradi drva i proizvodnji
namjestaja u Slovackoj.

A. Satanova i L. Kraj&irova (Slovacka) bavili su
se vrednovanjem metoda ponude.

R. Vlosky (SAD) i A. Pirc (Hrvatska) u svom su
radu dali usporedne pokazatelje proizvodnih profila
poduzeca u SAD-u i Hrvatskoj.

S. Weinfurter i P. Schwarzbauer (Austrija) obra-
dili su utjecaj kupaca drvnih proizvoda na Sumska go-
spodarstva u Austriji.

A. Zauskova, A. Kusa i V. Pizano (Slovacka) u
svom su radu dali prikaz audita inovacijskih procesa u
malim i srednjim drvopreradivackim tvrtkama Slovacke.

Uz medunarodno znanstveno savjetovanje, pre-
ma ustaljenom redoslijedu, odrzana je i redovita gene-
ralna skupstina WoodEMA asocijacije, koja je ove go-
dina bila i izborna. Za predsjednika Asocijacije u
razdoblju 1. sije¢nja 2012 — 31. prosinca 2013. izabran
je izv. prof. dr. sc. Darko Motik, dok je za isto mandat-
no razdoblje za generalnog tajnika WoodEMA treéi put
zaredom izabran prof. dr. sc. Denis Jelacic.

Tijekom savjetovanja organizirani su stru¢ni po-
sjeti poduzedéu za proizvodnju namjestaja Brest u Cerk-
nici te Postojnskoj jami.

Generalni tajnik WoodEMA, i.a.
prof. dr. sc. Denis Jelaci¢
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INSPIRACIIJA,

INOVACIJA, INTERZUM

- 2011

,»Tko jo$ nije ¢uo da je Interzum spreman za
trzi$nu utrku?* To su rije¢i kojima je na otvorenju saj-
ma Chris McGachy, jedan od organizatora, pozdravio
sve nazocne.

Interzum je, prema njegovim rije¢ima, vodeci
sajam vizionarske tehnologije i inovativnog dizajna na
polju industrije, pokuéstva i dizajna interijera. Godina
2011. predstavila je vise od 1 400 izlagaca iz 60 ze-
malja, a 70 % od 50 000 registriranih posjetitelja bilo je
iz inozemstva. Te Cinjenice daju sajmu status ne samo
regionalnoga vec i svjetskog sajma.

Organizatori isticu da Koéln kao grad domacin
nije samo grad ve¢ i osjecaj. Taj grad u svojemu svako-
dnevnom zivotu objedinjuje umjetnost, kulturu, posao,
opustanje 1 ono najvaznije - dobar stil zivota. Tim je
adutima privukao velik broj kreativnih poslovnih ljudi
i to je razlog vise da “ugosti” jedan tako vazan sajam
kao sto je Interzum.

Koncept sajma predstavljen je pod krilaticom in-
spiracija, inovacija, interzum. Kao i mnogih godina do
sada, ove je godine ponovno predstavljeno ono najbolje
u industriji namjestaja i inetrijera, materijala, okova,
repromaterijala i brojnih drugih segmenata. Inovacija i
trgovacki potencijali u sektoru na sajmu su maksimal-
no dosli do izrazaja, a javno se raspravljalo i o novim
smjernicama nuznima za daljnji razvoj.

Vizualno lagan dizajn, aplikacije za pokuéstvo i
dizajn interijera, moguénosti izravne aplikacije tiska

Slika 1. Plakat Interzum 2011
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Slika 2. Interzum 2011, glavni ulaz

na elemente pokucstva, funkcionalne inovacije u oko-
vima i spojnoj tehnici, tekstil i novi nac¢ini obrade koze,
strojevi za obradu... samo su neki od mnogih tema
koje je obuhvatio ovogodisnji Interzum.

PREGLED TEMA NA INTERZUMU 2011

U sjeni nedavne svjetske ekonomske krize poka-
zala se potreba za raspravom o odrzivom razvoju indu-
strije, i samim time i o donoSenju nekih smjernica na
tragu kojih bi se kreirale razvojne politike.

Doneseni su sljededi zakljuccei.

e Odrzivije dizajn etiCan: drustvena i socijalna senzi-
bilnost, zivotni vijek proizvoda, proizvodnja, di-
stribucija, konzumacija i reciklaza. To su postavke
na kojima moramo temeljiti svaki dizajnerski
projekt. Odrzivi je dizajn kompleksan: nas je svijet
postao digitalan, a krilatica povratak prirodi i jed-
nostavnosti stapa se s otkri¢ima i primjenom novih
tehnologija.

e Priroda i tehnologija su u sinergiji.

e Odrzivi je dizajn ekoloski osvijesten: vecéina ljudski
proizvedenih predmeta na neki nacin destablizira

Slika 3. Interzum 2011, konferencijska sala
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Slika 4. Primjer printa na vratnom krilu

nas ekoloski sustav, tj. moramo dizajnirati proizvo-
de koji od procesa proizvodnje i konzumacije do
samog odlaganja $to manje utjecu na ravnotezu tog
sustava! Odrzivi je dizajn inovativan: dizajn nije
samo bolji proizvod, tehnoloski usavrSen i oblikov-
no poboljSan. Dizajn je stvaranje novih navika i
nacela uz pomo¢ novih proizvoda.

e (QOdrzivi je dizajn estetiCan: odgovornost dizajnera
je da svojim radom oblikuje estetski ugodne i prihv-
atljive oblike koji oplemenjuju naSe okruzenje.

e (QOdrzivi je dizajn autentican: autenti¢nost proizvo-
da socioloski je izuzetno prihvatljiv koncept raz-
voja. Na korisnika utjece emocionalno, ali i izazi-
vajuci u njemu osjec¢aj pripadnosti ili ga korisnik
povezuje s izvornim geografskim podrijetlom pred-
meta odnosno dizajnera. Time se pridonosi razlici-
tosti 1 unapredenju tradicija.

Lagane konstrukcijske ploce ponovno su bile ap-
solutni hit. Pokuéstvo izradeno od takvih ploca ¢vrsto
je, cuva okolis te je jednostavnije za transport.

Povrsine oplemenjene aplikacijom grafickih oti-
saka individualiziraju neke industrijske procese i
prilagoduju proizvod potrebama pojedinaca. To, kako
su ga nazvali, ,,dodvoravanje* kupcu postavlja nove
izazove pred industriju jer time velike serije prilagodene
ciljanoj populaciji gube na vrijednosti, a trziste dobiva
nove zakonitosti. Industrija poprima neka obiljezja
obrtnickih radionica, pri ¢emu se prema nacelu just in
time proizvodi za individualnog narucitelja. Noviteti
su uskladeni s nezaobilaznim trendom individualizma i
raznolikosti, $to u podru¢ju vizualnih interpretacija
doseze neslucene granice. Primjerice, na sajmu se mo-
glo vidjeti mnogo individualnih i razigranih motiva i
dijelova namjestaja na kojima je otisnut logo tvrtke.

Usteda energije, ekologi¢nost i odrzivi razvoj tri
su glavne teme za inspiraciju. Uporaba niskoenergetske
LED rasvjete svake sezone donosi nova iznenadenja, a
s razvojem popratne industrije dodatno se otvara
mnostvo novih moguénosti.

U svakom slucaju, izlagac¢i na Interzumu ove su
godine prikazali viziju za dizajn namjeStaja u
buducnosti. Elektri¢ni motori dobili su vazne elemente
koji idu u tom smjeru. Uporaba pokretnih sustava koji
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Slika 5. RGB LED paneli i upravljacka jedinica

sluze za otvaranje ladica ili vrata, spustanje polica, po-
dizanje radnih ploha ili prilagodivanje ojastucenih
dijelova namjestaja te daljnjim razvojem i neprestanim
usavr§avanjem omogucéuju veéu udobnost, prakticnost
i funkcionalnost svakom korisniku.

Sajam, ako ga ne promatramo samo sa struénoga
gledista, svakom posjetitelju otvara nove vidike i do-
nosi inovacije o kojim prije nekoliko godina nismo ni
razmisljali. Mozda na temelju dojmova tih slucajnih
posjetitelja mozemo najbolje opisati sajam, a oni govo-
re samo jedno: ,,Izvanredno.*

Sajam je bio tematski podijeljen na ove cjeline:
— priroda i interijer
— komponente i ergonomija
— oblici i dekoracije
— dijelovi i funkcije

Slika 6. Termakointerzum 2011, Stand

DRVNA INDUSTRIJA 62 (3) 237-243 (2011)



teesscessssessssesssessssessssessssssssssssssssssssssss KoONferencijei skupovi

— strojevi i tehnologija
— rasvjeta i inovacije
— trendovi
— nagrade Interzum award: intelligent material &de-
sign.
Da bismo $to bolje docarali atmosferu i dogadanja
na sajmu, krenut ¢emo od kraja.

INTERZUM 2011: TRENDOVI

Visoka kvaliteta, zajedno s naprednim tehnolo-
gijama, uvjetovala je povecanje o¢ekivanja u razvoju
dizajna. Bez sumnje, dobar dizajn mora rezultirati kva-
litetnijim i boljim proizvodom u svakoj novoj genera-
ciji. Time dizajn 1 dizajner postaju bitan ¢imbenik u
konkurentnosti na trzistu. Automatizacija proizvodnje
prisiljava i dizajnera da bude ,,tehnoloski osvijesten* te
da postupak prilikom razvoja proizvoda bude Sto jed-
nostavniji.

Industrijski dizajneri i inZenjeri, rade na razvoj-
nim modelima ¢iji se dijelovi spojne tehnike, okovi i
vodilice ne oblikuju samo kao funkcionalni dijelovi
ve¢ oni postaju i estetska dogradnja cjelokupnog pro-
izvoda. Integriranje tih sustava sistema u gradevne je-
dinice namjestaja povecavaju estetski 1 funkcionalni
dozivljaj gotovog proizvoda.

Mozemo reci da trend vise nije pojedinacni oblik
ili boja, trend (unato¢ tome §to je rije¢ o pojedinim
dijelovima za izgradnju sklopova) od ove godine po-
staje forma. Kao $to je ve¢ navedeno, imperativ u
danasnjoj industriji postaje odrzivost i odrzivi razvoj.
Odrzivi razvoj i ekologija zastupljeni su u svim inova-
cijama predstavljenima na ovogodiSnjem sajmu. Uz
unaprijedenu tehnologiju, proizvodaci naglasavaju
ckoloski nacin proizvodnje pojedine komponente,
moguénost njezine reciklaze i viSenamjensku upotre-
bljivost u mnogim modelima u sklopu kojih se koristi.

Bitan ¢imbenik koji je naglasen u sluzbenim
priopéenjima, a mogao se primijetiti i u svakom razgo-
voru s proizvoda¢ima i dobavlja¢ima jest globalizacija
trzista. Svi isti¢u da prostor i vrijeme vise nisu zapreka
i da se uz pomoc¢ globalne mreze dobavljaca danas
moze u bilo koji dio svijeta u rekordno kratkom vreme-
nu dostaviti bilo koji proizvod. Ako postoji zanimanje
i osigurana su sredstva za implementaciju, postoje i ka-
nali i alati kojima je sve ostvarivo. Postavlja se pitanje

Slika 7. Prezentacija dekora za ojastucenje kao odjevnog
modela
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zaSto se takva postavka stvari uvrstava u trendove? Od-

govor se namece sam po sebi jer u danaSnje vrijeme

viSe nije bitno samo ,,naciniti inovaciju i uspostaviti

lokalni trend”. U danasnje se vrijeme sve ostvaruje

globalno, pa se samim time namece neprestana potreba

za komunikacijom i viemenom u kojemu se proces zbi-

va. Globalizacija pojedina¢nog proizvoda postaje trend

sam po sebi, kao i njezina implementacija. Raznolikost

je ono $to se istiCe 1 za nju su bitne promjene. Trziste

diktira tempo i potraznju, a protagonisti trendova po-

kazuju put kojim se treba kretati.

Sto ostaje?

— lake plo¢e masivnog izgleda

— elektriéni sustavi za ladice i procelja

— antibakterijske povrsine

— ,farmaceutske® ladice u kuhinjskom namjestaju

— neprobojno staklo i staklene povrsine u kupaonica-
ma i kuhinjama

— LED rasvjeta svih boja i oblika

— VOC neutralni adhezivi i boje

— viSenamjenski sustavi za krevete, stolove i stolice

— plazma tehnologija za obradu rubova

— materijali za ojastucenje prilagodljivi klimi

— egzotiéni furniri

— dekorativni materijali s uzorcima drva i kamena

— prozracni i ergonomski oblikovani lezajevi - ma-
draci

— strojevi koji se odlikuju velikom proizvodnom i
energetskom ucinkovitoséu

Sto dolazi?

— drvne plo¢e od brzorastuéih vrsta biljaka, npr. od
bambusa

— perolake drvne plo¢e

— drvo-plasti¢ni kompoziti

— materijali za vanjsku upotrebu velike otpornosti

— led diode u trakama

— promocija brendova u proizvodackoj industriji

— inovacije u tehnologiji okova

— clasti¢ni furniri

— dekorativni materijali s fotografskim otiscima

— parketi od masivnog drva

— nanotehnologija u zavr$noj povrsinskoj obradi

— modularni viSenamjenski namjestaj

Iz prilozenoga mozemo vidjeti da valja ponoviti
dobre stvari i da kvaliteta ostaje glavno obiljezje tren-
da. Neki proizvodi i tehnologije opstaju na trzistu vise

Slika 8. Hettich, trendovi u opremanju kuhinja
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od 40 godina i jo$ dugo nece dobiti ozbiljnu konkuren-
ciju. Nasuprot tome inovacije koje se pojavljuju po-
kazuju toliku sposobnost prilagodbe da, osim §to su
sami po sebi nesto novo, imaju moguénost stapanja s
postoje¢im proizvodima.

Rasvjeta i inovacije
Rasvjeta i rasvjetna tehnologija presla je dug put
od zarulje do LED diode.

Slika 9. RGB LED dioda s le¢om

Pitanje kako rasvjetno tijelo uklopiti u interijer i
proizvod tako da ono bude integralni dio cjeline ove je
godine dobilo mnogo odgovora. Nanotehnologija u
podrucju LED rasvjete daje sve kvalitetnija rjeSenja, a
rasvjetna tijela postaju sve manja. Uz Cinjenicu da se
rasvjetna tijela smanjuju pojavljuje se paradoks da se
njihova rasvjetna moé iz generacije u generaciju
poveéava. RGB LED (Red/crvena, Green/zelena, Blue/
plava) tehnologija napravila je najve¢i iskorak. Sa
samo nekoliko ampera dobiva se koli¢ina svjetla za
koju se prije trosilo vrlo mnogo elektri¢ne energije.
LED to postize diodama i le¢ama kroz koje svjetlost
prolazi i tako se postize velika disperzija. Dapace, ta
disperzija vrlo jednostavno moze biti kontrolirana ma-
lim korekcijama medija kroz koji svjetlost prolazi.

Slika 10. RGB LED dioda bez leée, tzv. modul
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Jednobojna LED rasvjeta Cesto je kritizirana zbog
»hladne® svjetlosti koje emitira. RGB LED mje$anjem
triju boja proizvodi bijelu svjetlost.

Neonska rasvjeta takoder nudi sve kreativnija
rjesenja, pogotovo u kuhinjama i radnim prostorima.
Tanke, teSko lomljive cijevi, s moguéno$éu biranja
spektra vidljive svjetlosti kojom se Zeli osvjetliti neki
prostor vrlo su dobro rjesenje.

Strojevi i tehnologija

Adhezivi predstavljeni na Intezumu 2011 ozbilj-
no pocinju konkurirati spojnim tehnologijama koje se
koriste ivanjem. Cak je i nekoliko tvrtki koje se tradi-
cionalno bave strojevima za Sivanje pocelo razvijati
tehnologije spajanja bez vlakana. Adhezivi bazirani na
vodenim disperzijama spajaju bez vidljivih Savova. In-
dustrija u tome vidi potpuno novi smjer razvoja, pose-
bice nove dizajnerske moguénosti.

Slika 11. Stroj u procesu proizvodnje navlaka za madrace

Vlakno-konac, jos je uvijek glavni spojni materijal
pri Sivanju i predvida se da ¢e proci jo§ mnogo vremena
prije negoli ljepilo zamijeni iglu i konac. CNC Sivaci
strojevi, robotizirane rubilice, automatski strojevi za
proizvodnju madraca i ojastucenje te strojevi za proizvo-
dnju madraca i kaucuk privukli su veliku pozornost zbog
globalnih pozitivnih trendova glede tog materijala.
Strojevi i tehnologija osnovna su polazista za uspjesnu
proizvodnju i razvoj svake proizvodne tvrtke.

Dijelovi i funkcije

Najopsezniji dio Interzuma 2011 ¢inili su dijelovi
elemenata i pratece funkcije koje ti mali dijelovi imaju.
Zapravo, sve o ¢emu smo do sada pisali moglo bi se u
nekom svom segmentu poistovjetiti s tom kategorijom.
Sve vrste okova svih oblika i namjena, kotacici i kotaci,
spojna tehnika, rasvjeta, pametni okovi koji se koriste
bluetooth tehnologijom, infracrveni senzori, raunalna
sucelja... Samo toj kategoriji trebalo bi posvetiti cijeli
feljton da bismo dali pregled svega $to se nudi. Organi-
zatori su izjavili da ,.ta kategorija iz godine u godinu
sve vise nalikuje SF filmu nego sajmu®. Primjer toga su
novi okovi koji u sebi objedinjuju bluetooth tehnolo-
giju. Ukratko, to zna¢i da je upravljanje njihovim
funkcijama moguée putem bilo kojega komunika-
cijskog uredaja koji ima tu tehnologiju ugradenu u svoj
sustav. Primjerice, “skinete” program na svoj mobitel i
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Slika 12. Prezentacija kotaci¢a za uredski namjesta

po ku¢i otvarate i zatvarate vrata i ladice, podizete i
spustate krevet, stol, stolac, prilagodujete rasvjetu.
Netko od izlagaca u sluzbenom se priopc¢enju i nasalio
primjetivsi da “jedini problem u svemu tome nastaje
ako vam netko hakira sustav*.

Nanotehnologija i na tom podru¢ju ima glavnu
rije¢, posebice kad je rije¢ o materijalima od kojih se
izraduje spojna tehnika. Unapredivanje metala, plasti-
ke i drugih materijala donosi ustedu, smanjuje dimen-
zije 1 povecava uc¢inkovitost svakoga pojedinog eleme-
nta. Primjerice, tijela svornjaka izraduju se od posebnih
slitina koje su u svojoj mikrostrukturi porozne. Na taj
se nacin Stedi materijal potreban za izradu, a i cijena bi
trebala pratiti ustedu materijala.

Racunala i raunalni programi ve¢ su zauzeli va-
Zno mjesto na sajmu, a tvrtki koje nude inovativne pro-
grame sve je viSe. Programi za obradu podataka, crta-
nje i vodenje procesa - sve se to nudilo na ovogodisnjem
sajmu.

Oblici i dekoracije

Unato¢ svoj tehnologiji, vanjski je oblik ono $to
proizvod ¢ini primamljivim. U ovoj su kategoriji obje-
dinjeni bas svi proizvodi. Radi plasmana i proboja na

Slika 13. MDFi PVC u kombinaciji
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Slika 14. RE-Y-STONE® dekorativne obloge

trzistu, svi ,,paze* na oblik prezentiranja svog uratka.
Dizajneri su naporno radili i redizajnirali gotovo sve!
Sve je dobilo nov oblik ili donijelo dodanu vrijednost i
novu funkciju starom obliku. Prihvatnici, brave, strop-
ni paneli, dekori za oblaganje ploc¢a i inovacije u svim
segmentima. Istie se Cinjenica da je minula kriza sve
proizvodace potaknula na razmisljanje i osmisSljavanje
novih proizvoda. Sto je sve novo, tesko je opisati
rije¢ima, to bas treba vidjeti.

Slika 15. Primjer dekora i alata kojim je dekor izaden (SIBU)

Slika 16. Rasvjetna tijela od savitljivog furnira
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Komponente i ergonomija

Spavanje i sjedenje osnovne su teme na koje se
usmjerava industrija namjeStaja. Sati provedeni u ure-
dskoj stolici tema su mnogih istrazivanja provedenih
na tom podrucju. Kao i u drugim primjerima i ovdje je
sveprisutna ra¢unalna tehnologija sa sustavima za nad-
zor 1 mjerenje. Oblik ne poprima samo estetsku nego i
zdravstvenufunkciju. Oblicidobivenipomnimistraziva-
njima ne samo da podupiru vase tijelo, ve¢ i korigiraju
polozaj pri sjedenju ili lezanju. Senzori ugradeni u
samu konstrukciju Salju vam informacije o polozaju
tijela, tezini tijela, prokrvljenosti udova, cirkulaciji tje-
lesnih tekuéina.

Krevet je mjesto za odmor, ali i regeneraciju.
Smartwrap koji ¢emo spomenuti u sklopu nagradenih
inovacija uistinu podize spavanje i ojastu¢eni namjestaj
na novu razinu. Spoj nanotehnologije, racunalne teh-
nologije i tehnologije izrade kreveta i njegovih dijelo-
va u medicinskoj i znanstvenoj primjeni sigurno imaju
blistavu buduénost. Za privatnu upotrebu tu su klasi¢ni
madraci-lezajevi i kreveti, uvelike pobolj$ani i mate-
rijalima 1 sitnim inovacijama uvedenima u proces
proizvodnje.

Stolovi, radni, blagovaonicki ili klupski nude
mnostvo inovacija. Ponovno su u upotrebi podizni
mehanizmi, preklopni mehanizmi i izvla¢ni mehaniz-

Slika 17. Bolnicki krevet s ispunom od gela i ugradenim
senzorima

Slika 18. Gumeni lezajevi za izradu podnica kreveta
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Slika 19. Primjer kliznih mehanizama za radne plohe

mi. Stol se moze iz klupskog stoli¢a preoblikovati u
radnu povrSinu, i obrnuto. ViSenamjensko svojstvo
kljucna je odrednica prilikom opisivanja dostignu¢a na
tom podrucju!

Visestruka namjena i kreativne ideje upravo su
omogucéeni kroz ideju inovativnog okova. Okov je u
industriji namjestaja davno prestao biti samo predmet
povezivanja dviju ploha i postao je razvojna grana za
sebe, cak je stekao tu prednost da se prvobitne plohe
prilagoduju njemu kako bi zajedno €inili novu i kreati-
vnu cjelinu. Uz ve¢ navedene tvrtke, u master klasu
okova ubraja se i tvrtka Héfele.

Uz glavno pravilo tvrtke - funkcionalnost s potpi-
som Hifele, predstavljene su brojne nove ideje. Kuhinja
i dnevna soba mogu postati jedno. Dnevna se soba kada
ogladnite pretvara u kuhinju, a kuhinja, kada vam se pri-
spava u dnevnu sobu. Drugi razlog toga visenamjenskog

Slika 20. Hifele inovacije
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namjestaja je i danasnja ograni¢enost stambenog prosto-
ra. U zemljama zapadne Europe trendo malih stanova,
»Spavaonica“, ponovno je u porastu. Elektriéne klizne
stijene, ve¢ dobro poznate minifiks mnogobrojne inova-
cije 1 poboljsanja, opet su nas nagnali na razmisljanje.
Potreba za edukacijom stru¢nog osoblja u ulozi projek-
tanata, tehnologa i dizajnera sve je bliza najuzoj suradnji
proizvodaca i znanosti. MRSA ili lat. Staphylococcus
aureus, bakterija koja Cesto ostavlja trajne posljedice na
bolesnike, sve je prisutnija u zajedniCkim prostorima,
posebice u sportskim dvoranama, ali i u ostalim javnim
zgradama. Hafele je predstavio okov s antibakterijskom
prevlakom Alsept, i time ponudio higijenski vrlo zanim-
ljivu koncepciju - trajnu ,,preddezinfekciju® povrsina
najvise izlozenih ¢estom dodiru s korisnicima objekata.
Dakle, znanost i industrija u prakti¢noj su kooperaciji.

Priroda i interijer

Dovesti prirodu u interijer i Zivotni prostor obli-
kovati prema prirodnim nac¢elima - mozemo li to naz-
vati pomodarstvom ili je stvarno rije¢ o odrzivom tren-
du? Vrijeme ¢e pokazati.

Na sajmu je uocena jaka tendencija prema “iskre-
nosti” materijala. A kad je rije¢ o “iskrenosti”, prirodni
su materijali najbolji. Medu materijalima dominiraju
drvo, staklo, keramika, kamen, neki metali kao §to su
nehrdajuéi Celik 1 do visokog sjaja lakirani MDF. U
iducoj sezoni staklo ¢e biti popularan materijal za
procelja i vrata kuhinjskih ormariéa, regala i ormara.
Trazit ¢e se debelo staklo za gornje plohe stolova i mat
staklo za prozirna vrata ormarica. U prostorima stana
prevladava individualnost i umjerena decentnost bijele
ili crne boje s naglasenim detaljima drva.

Prostori se povezuju u jedinstvene cjeline, nema
jasno naznacenog prijelaza izmedu, primjerice dnev-
nog boravka, blagovaonice i kuhinje. Kuhinje su sa-
mim time postale prosireni prostor i stilska poveznica s
ostalim prostorima. Minimalizam u oblikovanju doveo
je do jos jaceg naglaska na materijalima i njihovim
kombinacijama.

Slika 21. Priroda i interijer, kutak za okrepu
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Slika 22. Izlozbeni Stand proizvodaca furnira

U trendu su savitljivi furniri bez dodatne hidro-
termicke obrade, 3D ploce, obloge od laminata koji
opnasa doslovno sve prirodne povrsine, kao i furniri od
vlakana banane, dekori od recikliranog papira. Moze li
to sve uistinu zamijeniti prirodne materijale u njihovu
iskonskom obliku? Mogu li ti materijali imitirati onu
energiju koju prenosi komad kamena obraden u gaziste
stube ili hrastov pod impregniran uljem prirodnog po-
drijetla? Je li sintetika dosegnula tu razvojnu razinu da
u sebi ne objedinjuje samo oblik i funkciju, veé sa so-
bom donosi i dodatnu vrijednost u smislu poboljsanja
kvalitete zivljenja?

Na kraju price ne zaboravimo jedno: sve prije
opisano i nabrojeno nacinjeno je za ¢ovjeka i prema
njegovu sustavu vrijednosti. Cak i ¢ovjek sam poka-
tkad zaboravi osnovnu namjenu svega i tada zastranjuje
u nekim ¢udnim smjerovima. DonoSenjem osnovnih
postavki odrzivog dizajna Interzum 2011 aktivno se
uklju¢io u utrku za unapredenje zivljenja i odrzivog
razvoja ¢ovjecanstva opcenito. Neka te misli svakome
budu vodilja u njegovu daljnjem radu, a svaka poslov-
na racunica neka obuhvati i dobrobit za prirodu koja
nam omogucuje Zivot.

prof. dr. sc. Ivica Grbac

Ivan Littvay, dipl. ing.
dr. sc. Danijela Domljan
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DANIJELA DOMLJAN
OBRANILA DOKTORSKI RAD

Danijela Domljan, magistrica dizajna, obranila je
18. svibnja 2011. godine na Sumarskom fakultetu Sve-
ucilista u Zagrebu doktorski rad s naslovom Oblikova-
nje Skolskog namjestaja kao preduvjet ocuvanja zdrav-
lja ucenika, pred povjerenstvom u sastavu prof. dr. sc.
Boris Ljuljka, professor emeritus (SveuciliSte u Zagre-
bu, Sumarski fakultet), prof. dr. sc. Ivica Grbac, redo-
viti profesor (Sveudiliste u Zagrebu, Sumarski fakultet)
i prof. dr. sc. Gordana Pavlekovi¢, dr. med., redovita
profesorica (Sveudiliste u Zagrebu, Medicinski fakul-
tet, Skola narodnog zdravlja “Andrija Stampar”) i time
stekla akademski stupanj doktora znanosti s podrucja
biotehnickih znanosti, znanstvenog polja drvne tehno-
logije, grane konstrukcije i oblikovanje proizvoda od
drva. Mentor rada bio je prof. dr. sc. Ivica Grbac.

PODACI IZ ZIVOTOPISA

Danijela Domljan, rod. Jankovié, rodena je 25.
studenog 1971. u Zagrebu. Godine 1986. upisuje se u
Skolu za primijenjenu umjetnost i dizajn u Zagrebu, na
Odjel unutrasnje arhitekture, gdje maturira 1990. u kla-
si profesora Vladimira Frgica. Iste godine upisuje, a
1996. godine diplomira na Interfakultetskom studiju
dizajna pri Arhitektonskom fakultetu u Zagrebu, smjer
Produkt dizajn, s temom Sistem Skolskog namjestaja.
Didakticko-odgojno sredstvo, radni stoli¢, mentora
Mladena Oresica. Od 1996. do 2004. zaposlena je u
tvrtki Tvin d.d., Drvnoj industriji namjestaja Virovitica
— Predstavnistvu Zagreb, u Odjelu za istrazivanje, ra-
zvoj 1 racionalizaciju proizvoda. Od 2001. do 2003.
radi kao vanjski suradnik u privatnoj skoli Pomak, gdje
drzi vjezbe za predmet Dizajnersko crtanje.

Godine 2001. upisuje poslijediplomski magistar-
ski znanstveni studij na Sumarskom fakultetu, smjer
Tehnologija finalnih proizvoda, 2006. prelazi na dok-
torski studij Drvna tehnologija, a 2008. prijavljuje dok-
torski rad s nazivom Oblikovanje skolskog namjestaja
kao preduvjet ocuvanju zdravlja ucenika.

Nastavno djelovanje D. Domljan pocinje u jesen
2003. na Sumarskom fakultetu Sveuéilista u Zagrebu u
svojstvu struéne suradnice, a od ozujka 2004. godine
izabrana je u suradni¢ko zvanje asistentice na Drvno-
tehnoloskom odsjeku, Zavodu za namjesStaj i drvne
proizvode, gdje odrzava vjezbe za kolegije Dizajn,
Konstrukcije proizvoda od drva, Oblikovanje namje-
Staja, Metodologija industrijskog dizajna i Interijer
(Modul Dizajn, stari program). Prelaskom na bolonjski
proces sudjeluje u kolegijima Oblikovanje namjestaja,
Metodologija industrijskog oblikovanja namjestaja,
Namjestaj i opremanje prostora te Namjestaj i zdravlje.
Sudjelovala je u izradi novih nastavnih programa na
Sumarskom fakultetu, za podrugje oblikovanja proi-
zvoda od drva, te bila neposredna voditeljica na osam
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diplomskih i etiri zavr$na rada s podrucja oblikovanja
proizvoda od drva.

0Od 2002. do 2006. sudjeluje kao istrazivacica u
interdisciplinarnim projektima Ministarstva znanosti
obrazovanja i $porta pod nazivom Namjestaj za sigur-
no, zdravo i udobno sjedenje i lezanje (0068134), te od
2007. godine u projektu Razvoj proizvoda od drva s
cilijem ocuvanja zdravlja (068-0680720-0708) unutar
programa Novi materijali, procesi i proizvodi od drva,
(voditelj prof. dr. sc. Ivica Grbac), pri ¢emu se bavi
problematikom sjedenja u obrazovnim institucijama i
oblikovanjem §kolskog namjestaja.

Clanica je Hrvatskog drustva dizajnera (HDD-a,
od 1996), Semera — centra za umjetnic¢ki odgoj (¢lanica
Upravnog odbora, od 2000), Hrvatskoga ergonomskog
drustva (CES-a, od 2004), udruge Odgoj PAznje (OPA)
- udruge za promicanje vizualne kulture (od 2009), te
suosnivacica i ¢lanica Vijeéa Zajednice za industrijski
dizajn pri Centru za dizajn w HGK (od 2010).

Clanica je nekoliko struénih povijerenstava i ko-
misija u svojstvu dizajnera: ¢lanica povjerenstva za
dodjelu nagrade Mobil optimum Ambienta (ZV) Za-
greb (od 1996); ¢lanica Tehni¢ke komisije za drvo,
drvne proizvode i namjestaj TK-8 za dodjelu nagrada
Izvorno hrvatsko i Hrvatska kvaliteta pri HGK (od
2004); vanjska suradnica Povjerenstva za marketing i
sajmove UdruZenja drvno-preradivacke industrije pri
HGK (od 2005); ¢lanica Povjerenstva u natjecanju dr-
vodjeljskih tehni¢ara—dizajnera srednjih drvodjeljskih
strukovnih §kola RH (od 2000), ¢lanica Radne skupine
za izradu Standarda kvalifikacije za drvodjeljskog teh-
nicara—dizajnera u Obrazovnom sektoru Sumarstvo,
prerada i obrada drva pri ASO-u (od 2009), ¢lanica rad-
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ne skupine projekta Drvo je prvo pri HGK i MRRSVG
(0od 2011), bila je i vanjska struéna suradnica Povjeren-
stva za pripremu i provedbu postupka nabave opreme
interijera nekoliko tvrtki u RH, ¢lanica Povjerenstva za
ocjenu nastavnog plana i programa za zanimanje drvo-
djeljski tehni¢ar—dizajner srednjih drvodjeljskih stru-
kovnih §kola RH, smjer Obrada drva (1999 - 2000),
¢lanica komisije za selekciju radova za BIO 2000, Lju-
bljana (2000); ¢lanica Povjerenstva za izradu Nacio-
nalne strategije dizajna (2007 - 2008), ¢lanica Povje-
renstva za izradu Nacionalne strategije dizajna
namje$taja pri MRRSVG-u (2009 - 2010); clanica
Radne skupine i Ocjenjivackog suda u natjeCaju za
opremanje vrtica (HGK-HDD) (2009 - 2010); te vodi-
teljica studije Razvoj novih proizvoda u funkciji izvoza
drvnog sektora — brand drvnog sektora, za MPSVG
(2005).

Od 2004. godine ¢lanica je Povjerenstva za pro-
midZbu Sumarskog fakulteta, u ¢ijem sastavu organizi-
ra prezentacije na medunarodnim sajmovima i konfe-
rencijama (Ambienta i dr.), kao i na Smotrama
Sveucilista u Zagrebu (od 2002). Bila je suvoditeljica
radionice i izlozbe s temom Daleki istok, dizajn stam-
benog prostora po principima feng shui, u organizaciji
I. klasi¢ne gimnazije i Semere (2001), te voditeljica ra-
dionica u organizaciji OPA-e s temom Polica (2009) i
ASOO-a, s temom Dizajnerski crtez (2011).

Njezin profesionalni dizajnerski rad rezultirao je
brojnim rjeSenjima u Tvinu, uz realizacije prijedloga
razvoja novih programa i sustava uredskoga, Skolsko-
ga i kuénog namjestaja za serijsku i unikatnu proizvod-
nju, kao i samostalnim radovima na podru¢ju industrij-
skog dizajna, projektiranja i opreme interijera te
grafickog oblikovanja. Izradila je nekolicinu projekata
opremanja interijera u privatnim i javnim objektima,
medu kojima je i Projekt uredenja prostorija za obliko-
vanje proizvoda od drva — Dizajn studio na Sumarskom
fakultetu u Zagrebu.

Godine 1994. kao studentica dobila je Rektorovu
nagradu za Sistem uredskog namjestaja Owell. Od
1990. godine s dizajnerskim rjeSenjima i projektima
sudjeluje na nekolicini domacih i medunarodnih izloz-
bi, a profesionalno dizajnersko djelovanje okrunila je
dvjema zlatnim medaljama, nekolicinom pohvala, pri-
znanja i nagrada. Do sada je objavila vise od 70 radova
(41 znanstveni, 9 stru¢nih i 22 popularna rada), te odr-
zala vise od 25 predavanja i posterskih prezentacija na
znanstvenim i struénim medunarodnim savjetovanjima
i kongresima.

PRIKAZ DOKTORSKOG RADA

Doktorski rad s naslovom Oblikovanje skolskog
namjestaja kao preduvjet ocuvanja zdravlja ucenika
sastoji se od 408 stranica (XVIII+390), te sadrzava 114
slika, 218 tablica, 69 grafikona, 267 navoda citirane li-
terature i jedan digitalni nosac zapisa s podacima i dok-
torskim radom u elektronickom obliku.
Doktorski rad podijeljen je na osam poglavlja:
1. Uvod (4 str.),
2. Teorijske osnove i analiza problema (98 str.),
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Temeljne postavke za istrazivanje (3 str.),
Poligoni, uzorci, ispitanici i metode istrazivanja
(23 str.),

Rezultati istrazivanja (134 str.),

Diskusija (54 str.),

Zakljucak (2 str.),

Literatura (10 str.),

Popis ilustracija,

Popis tablica,

Prilozi (30 str.).

Na pocetku rada navedeni su Podaci za biblio-
grafsku karticu (na hrvatskome i engleskom jeziku),
Posveta, Sazetak, Sadrzaj i Predgovor, a na kraju rada
su Popis ilustracija (slika 1 grafikona), Popis tablica,
Prilozi, Zivotopis (na hrvatskome i engleskom jeziku)
te Popis objavljenih radova.

>

PN

1. Uvod

U Uvodu je kratko opisana problematika obrazo-
vnog sustava i u¢enika u njemu. Upozorava se na to da
promjene u sustavu nuzno prate promjene u ponasanju
i stajaliStima mladih. Polozaj tijela u¢enika, koji je veé
tradicionalno polozaj sjedenja, vise nije odgovarajuci s
obzirom na novonastale potrebe suvremenoga nastav-
nog procesa. Nuzne su promjene koje se odnose i na
oblikovanje skolskog namjestaja.

2. Dosadasnja istrazivanja

Poglavlje Dosadasnja istraZivanja drugo je po-
glavlje doktorskog rada u kojemu je osam potpogla-
vlja: Povijesni pregled razvoja Skolskog sustava i
namjestaja, Suvremena Skola i sukob tradicije s novim
potrebama i zahtjevima, Rast i razvoj djece Skolskog
uzrasta, Znacaj antropometrije u oblikovanju skolskog
namjestaja, Sjedenje u funkciji zdravlja ucenika, Obli-
kovanje suvremene osnovne Skole, Namjestaj u osnov-
nim Skolama te Osvrt na dosadasnja istrazivanja.

To je poglavlje vrlo opsezno, ali vazno jer je au-
torica time stvorila pretpostavke za izvrstan pregled
podrucja i prikupila svu relevantnu literaturu. Tako
opsezan pregled osobito je vrijedan jer su izneseni i
kriti¢ki usporedeni razli€iti teorijski pristupi i interdi-
sciplinarna podrucja koja se bave srodnim temama i
odnose se na ucenike i namjestaj. Na kraju je dan osvrt
na dosadasnja istrazivanja, i to kroz sva analizirana
podrucja. Poglavlje zavrSava uocenim i jasno detekti-
ranim problemima koji se odnose na borbu suvremenih
zahtjeva Skole naspram tradicionalnih stajaliSta, na
sekularne trendove rasta djece i dimenzije namjestaja,
na primjenu novih znanja o sjedenju, na investicije pri
opremanju $kola, na oblikovanje namjestaja i okruzenja
za rad, na proizvodnu inertnost i dizajn za buducnost te
postavljaju klju¢na pitanja oblikovanja novoga $kol-
skog namjestaja. Navedeni problemi temelj su za po-
stavljanje hipoteze i ciljeva istrazivanja.

3. Temeljne postavke za istrazivanje

U poglavlju Temeljne postavke za istrazivanje,
koje se sastoji od tri potpoglavlja (Predmet istrazivanja,
Hipoteza 1 Cilj istrazivanja) definiran je predmet
istrazivanja te na odgovarajuci nacin postavljena hipo-
teza i ciljevi rada. Predmet istrazivanja jest oblikovanje
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suvremenoga $kolskog namjestaja kao preduvjet oCu-
vanja zdravlja u¢enika, odnosno oblikovanja odgovara-
jucega skolskog stola i stolice kojima se dijete svakod-
nevno koristi u uc¢ionicama osnovne $kole. Hipoteza
rada je da postojea opremljenost osnovnih $kola nije
odgovarajuca u smislu oblikovanja skolskog namjestaja
i potreba korisnika (ergonomski, antropometrijski,
funkcionalno), osobito su neodgovarajuéi stolovi i sto-
lice, zbog ¢ega ucenici ne sjede sukladno prirodnim
polozajima ljudskog tijela te nastavnici imaju teskoca
u provodenju nastavnog procesa. S obzirom na proizvo-
dace, proces nabave i opremanja osnovnih $kola nije
odgovarajuci, $to se odrazava u izostanku postovanja
brojnih zahtjeva glede oblikovanja te vrste proizvoda.
Pravilno postavljena hipoteza omogucila je definiranje
ciljeva istrazivanja koji su se odnosili na utvrdivanje
sukladnosti antropometrijskih veli¢ina uc¢enika od pr-
voga do osmog razreda i dimenzija namjestaja u upo-
trebi, definiranje nepravilnosti u primjeni postojecega
Skolskogaradnog namjestajauucionicama, utvrdivanje,
na temelju karakteristiCnih polozaja tijela ucenika i
njihova ponasanja na nastavnom satu, kao i misljenja
ucenika i osoblja o postojecoj opremi, glavnih parame-
tara za oblikovanje odgovarajuéeg proizvoda koji
omogucuje prirodne polozaje tijela u¢enika, utvrdivanje
prikladnosti  postojeéih  oblikovno-konstrukeijskih
rjeSenja Skolskog namjestaja pri odrZzavanju suvreme-
noga nastavnog sata te definiranje novih kriterija za
optimalno oblikovanje, proizvodnju i plasman proizvo-
da koji bi omoguéili zdrav i siguran polozaj tijela
ucenika pri radu i odgovarajuce pracenje suvremene
nastave. Glavni cilj istrazivanja jest doprinos pobolj-
Sanju dizajna ucenikova radnog mjesta u ucionicama
osnovnih $kola, te postavljanje temelja za buduca
istraZivanja te problematike na podrucju oblikovanja,
konstruiranja, tehnologije izrade te uporabe novih ma-
terijala i njihove primjene.

4. Poligoni, uzorci, ispitanici i metode istrazivanja
Poglavlje Poligoni, uzorci, ispitanici i metode
istrazivanja podijeljeno je na Cetiri istoimena dijela. U
svakom se dijelu detaljno opisuju i objasnjavaju oda-
brani poligoni, uzorci i ispitanici s obzirom na pri-
mijenjene metode istrazivanja. U istrazivanju je sudje-
lovalo 79 osnovnih $kola iz Sest zupanija Republike
Hrvatske (Zagrebacke, Primorsko-goranske, Splitsko-
dalmatinske, Viroviticko-podravske i Osjecko-baranj-
ske te Grada Zagreba). Istrazivanja su provedena s tri
glavne skupine ispitanika: u€enici (), nastavnici (») i
proizvodaci (p), na nekoliko razina i poligona (P),
razli¢itim metodama. Primijenjene su metode objektiv-
nih mjerenja ispitanika—ucenika (Nu=566; P=3) i uzo-
raka-namjestaja — stolica (Ns=7, P=3) i stolova (NS=8,
P=3), metoda anketiranja (Nu=255, P=3; Nn=371,
P=64; Np=12, P=12) te metoda snimanja i promatranja
ponasanja ispitanika—ucenika (Nu=16, P=1).

5. Rezultati istrazivanja

Peto poglavlje, Rezultati istrazivanja, poglavlje je
kojim je autorica sustavno prikazala rezultate i analizira-
la ih u zaokruzenim i logicki obradenim cjelinama, po-
dijeljenima prema metodama istrazivanjima i odabranim

DRVNA INDUSTRIJA 62 (3) 245-248 (2011)

ispitanicima. Dobiveni rezultati, podijeljeni u tri potpo-
glavlja: Rezultati mjerenja ispitanika i uzoraka, Rezulta-
ti obrade anketnog upitnika, Rezultati promatranja, sni-
manja i fotografiranja potvrdili su postavljenu hipotezu
te pokazali da u¢enici ne mogu sjediti mirno, da sadasnja
oprema i namjestaj funkcionalnim dimenzijama ne od-
govaraju antropometrijskim dimenzijama korisnika te
da taj namjestaj ne pomaze u odrzavanju zdravoga i tje-
lesno odgovarajuéeg polozaja na nastavnom satu. Pogla-
vlje obiluje grafickim prikazima, tablicama, grafikonima
slikama i fotografijama, u ovisnosti o primijenjenim me-
todama obrade podataka (koristeni su statisticki progra-
mi SPSS, Statistica 7.0, SAS, te Excell). Dokazano je da
danasnja oblikovno-konstrukcijska rjeSenja koja se pri-
mjenjuju u $kolama funkcionalnim dimenzijama ne od-
govaraju antropometrijskim veli¢inama ucéenika niti
propisanim dimenzijama u vaze¢im normama, da svo-
jom tvrdocom, kruto$¢u, nepomiénim i statiénim sklo-
povima pridonose jo§ veéem pomicanju tijela ucenika,
nemiru i vrpoljenju te ljuljanju na stolici 1 nerijetko pa-
danju na leda, $to kratkotrajno i dugotrajno moze imati
velike posljedice za zdravlje. Nastavnici izrazavaju ne-
zadovoljstvo postojeéim rjeSenjima namjestaja, $to se
ponajprije odnosi na odlaganje pribora i torbi, nemo-
guénost jednostavnog razmjeStanja namjestaja i stva-
ranja razli¢itih tlocrtnih rasporeda u ucionici, prilago-
davanje individualnome i timskom radu i dr. Proizvodaci
izrazavaju nezadovoljstvo postoje¢im procesima nabave
i opremanja obrazovnih ustanova, a sadaSnja rjeSenja
oblikuju pojedinci ili grupe unutar tvrtke.

6. Diskusija

Poglavlje Diskusija podijeljeno je na pet potpo-
glavlja: Analiza rezultata istraZivanja, Vizija Skole
buducénosti — koncept novog Skolskog namjestaja,
Ucionica iz snova, Oblikovanje idejnih rjeSenja i Im-
plementacija inkluzivnog okruzenja pomocu novoo-
blikovanog namjestaja. U prvom potpoglavlju daje se
osvrt 1 analiziraju rezultati istrazivanja, dok se u
idu¢ima predlaZe vizija Skole buduénosti te definiraju
potrebe i zahtjevi glede novoga skolskog namjestaja. U
poglavlju su postavljene nove interdisciplinarne smjer-
nice za oblikovanje skolskog namjestaja, poglavito u
smislu zahtjeva o dizajnu (vizualnoj percepciji, esteti-
ci, funkciji, medicini, ergonomiji, pedagogiji, psiholo-
giji, sociologiji, uporabi odgovarajuc¢ih materijala, teh-
nologiji izrade, ekologiji, cijeni i kvaliteti), te se daju
nova rjesenja i prijedlozi. Ciljevi idejnih rjeSenja koja
se predlazu jesu smanjenje uocenih nedostataka,
omogucavanje pravilnoga, udobnoga i sigurog rada te
zastitita zdravlja ucenika.

7. Zakljucci

U poglavlju Zakljucci sazeto su prikazana glavna
postignuca istrazivanja: postojeca opremljenost osnov-
nih Skola nije odgovarajuca sa stajaliSta oblikovanja
ucenikova radnog mjesta u ucionici kojom se djeca
dnevno koriste na nastavnom satu, osobito u smislu
neuskladenosti antropometrijskih dimenzija u€enika i
funkcionalnih dimenzija namjestaja, te se predlazu naj-
manje Cetiri razreda veli¢ine pri opremanju Skolskih
objekata. Pri radu se pojavljuje nepravilno drzanje tije-
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la u¢enika, nemirno sjedenje i dekoncentracija, bolovi
u predjelu vrata, glave i leda, kao i ozljede $to se mora
ukloniti odgovarajuéim oblikovno-konstrukcijskim
rjeSenjima koja omogucuju aktivne i sigurne promjene
polozaja tijela ucenika. Postojeéa rjesenja nisu uskla-
dena s novonastalim suvremenim potrebama nastavnog
procesa, okruZenje je nepoticajno za rad, a nastavnici
imaju teskoc¢a u provodenju nastavnog procesa, pa se
predlaze da se namjestaj za nize razrede oblikovno-
konstrukcijski razlikuje od namjeStaja za starije
ucenike, §to se ne odnosi samo na dimenzije, nego i na
oblike, materijale, boje, funkciju, fleksibilnost i prila-
godljivost te kognitivne i simbolicke poruke. U proce-
su razvoja novih proizvoda moraju sudjelovati brojni
struénjaci interdisciplinarnih podrucja. Sadasnja tje-
Senja Skolskog namjestaja u Republici Hrvatskoj ne
oblikuju interdisciplinarni timovi stru¢njaka, manji se
broj proizvodaca koristi normama pri oblikovanju i
konstruiranju te vrste proizvoda, pa se predlaze izrada
vodica ili pravilnika za opremanje $kolskih prostora
koji detaljno definiraju obiljezja namjestaja (potrebne
visinske razrede, izgled, konstrukciju, materijale, nad-
zor, uzorke) te olakSava proces oblikovanja i opremanja
obrazovnih ustanova. Navode se glavni doprinosi rada
i predlazu daljnja istrazivanja usmjerena na dva glavna
podrucja. Prvo se odnosi na implementaciju inkluziv-
nog okruzenja uz pomo¢ novooblikovanog namjestaja
utemeljenoga na poznatim materijalima i konstrukcija-
ma, a drugo na primjenu inovativnih konstrukcija i
razli¢itih materijala u oblikovanju novih proizvoda.

8. Literatura

Iz popisa literature vidi se temeljitost u prou¢avanju
cjelokupnog razvoja Skolskog sustava i namjeStaja u
njemu, problema i potreba suvremene Skole, rasta i
razvoja djece, sekularnih trendova te utjecaja na obliko-
vanje Skolskog namjestaja, znacenje antropometrije u
oblikovanju Skolskog namjestaja, kao i postojece neu-
skladenosti dimenzija namjestaja i uenika, biomehanike
i ergonomije sjedenja te pojave umora, misi¢no-kostanih
poremecaja i bolova u ledima, ponasanja ucenika pri sje-
denju, projektiranja i opremanja Skolskih objekata, pri-
mjene normi za Skolski namjestaj, kao i postojeéih
rjeSenja namjestaja na trzistu i dr.

Posebno se istice znanstveni doprinos rezultata
istrazivanja i buduca konkretna primjena u praksi.
Predlozena rjeSenja ucenickoga radnog mjesta bit ¢e
velika prevencija razli¢itih bolesti uzrokovanih neodgo-
varajuce oblikovanim namjestajem.

OCJENA DISERTACIJE

Danijela Domljan u svom doktorskom radu s na-
slovom Oblikovanje skolskog namjestaja kao preduvjet
ocuvanja zdravlja ucenika istrazuje temu vaznu za
ocuvanje zdravlja mlade populacije, kojoj do sada nije
posveceno dovoljno pozornosti ni u zemlji ni u svijetu.
Temeljna pitanja na koja se u radu daje odgovor jesu
¢imbenici i zahtjevi u€enika i nastavnika koji utje¢u na
oblikovanje suvremenoga Skolskog namjeStaja te na
pristup oblikovanju namjestaja, opreme i cjelokupnog
okruzenja u ucionici radi o¢uvanja zdravlja djece.
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Nacin sagledavanja teme pokazuje interdiscpli-
naran odnos i Sirinu prepoznavanja problematike u
oblikovanju $kolskog namjestaja. Pravilno je uoceno i
argumentirano da oblikovanje te vrste proizvoda nije
jednostrano, naprotiv, indirektno je i direktno poveza-
no s nekolicinom interdisciplinarnih ¢imbenika i
zahtjeva koji postoje u suvremenome Skolskom
okruzenju, a utjeCu na ponasanje, stajaliSta i zdravlje
mladih. To su razlozi za analizu razvoja Skolskog
namjestaja kroz povijest, kao i rezultata dosadas$njih
istrazivanja brojnih stru¢njaka na podru¢ju medicine,
biomehanike, pedagogije, arhitekture, konstrukcija,
procesa opreme obrazovnih objekata i dr. Jasno iskaza-
ni i postavljeni problemi proizasli iz navedene analize
rezultirali su odgovarajuce postavljenom hipotezom i
ciljevima rada.

Sve primijenjene metode istrazivanja, u koje je
ulozeno mnogo truda, provedene su dobro 1 savjesno.
Velika je pozornost pridana radu na terenu, u stvarnim
uvjetima u kojima su odgovarajuée uo¢eni nedostaci
postojeCeg namjestaja i opreme, $to je rezultiralo obi-
ljem podataka i slikovnih prikaza na kojima se temelje
diskusija i zakljucci.

Poglavlja u kojima se iznose rezultati istrazivanja
i diskusija o dobivenim rezultatima logi¢no su po-
dijeljena u zasebne cjeline prema redoslijedu
istrazivanja i uoCenim problemima. StatistiCka obrada
rezultata istrazivanja korektno je provedena i jasno in-
terpretirana. Na temelju dobivenih rezultata potvrdene
su hipoteze 1 ciljevi te su postavljene nove interdisci-
plinarne smjernice u oblikovanju $kolskog namjestaja
usmislu dizajna (vizualne percepcije, estetike, funkcije,
medicine, ergonomije, pedagogije, psihologije, socio-
logije, uporabe odgovaraju¢ih materijala, tehnologije
izrade, ckologije, cijene i kvalitete). Ciljevi novih
rjesenja koji se predlazu jesu smanjenje uocenih nedo-
stataka, omogucavanje pravilnoga udobnog i sigurnog
rada te zastita zdravlja ucenika.

Danijela Domljan svojim je radom pokazala da
suvereno vlada navedenom problematikom, §to se po-
sebno vidi u pravilnom odabiru i primjeni razli¢itih me-
toda, odabiru ispitanika iz razli¢itih dobnih i ciljnih sku-
pina te u odgovaraju¢em odabiru poligona istrazivanja.
Dobiveni su rezultati pravilno interpretirani, a zakljucci
jasni 1 konkretni. Rad je tehnicki vrlo dobro opremljen,
graficka je priprema prikaza pogodna za praéenje dobi-
venih rezultata, a metode statisticke obrade rezultata
istrazivanja pravilno su odabrane i to¢no interpretirane.
Obilje slikovnih prikaza, vlastitih crteza, skica, mental-
nih mapa i fotografija s terena omogucuju jasno sagleda-
vanje problematike. Analize ulaznih parametara za di-
zajn $kolskog namjestaja, kaoiidejnarjeSenja predlozena
u radu, temelj su za daljnji razvoj i proizvodnju suvre-
menih i inovativnih proizvoda.

Posebno treba istaknuti znanstveni doprinos rezul-
tata istrazivanja i konkretnu primjenu u praksi. Pred-
lozena i u modelima prikazana rjeSenja uc¢enic¢koga rad-
nog mjesta bit ¢e dobra prevencija razliCitih bolesti
uzrokovanih neodgovarajuce oblikovanim namjestajem.

prof. dr. sc. Ivica Grbac
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BALSA

NAZIVI

Drvo trgovackog naziva balsa pripada botanickoj
vrsti Ochroma pyramidale Urb. (sinonim Ochroma la-
gopus Sw.), iz porodice Malvaceae (potporodica Bom-
bacoideae). Uz trgovacki naziv balsa (Njemacka, SAD,
Velika Britanija, Francuska, Nizozemska), postoje mno-
gi lokalni nazivi: tami (Bolivija); corkwood (Gvajana);
cajeto; tanbor (Gvatemala); guano (Honduras); lano
(Kolumbija); seibon butija (Kuba); gonote; maho (Mek-
siko); catillo (Nikaragva); topa (Peru); balsahout (Suri-
nam); tacarigua (Venezuela); enea, pung (Kostarika);
lanero (Kuba); polak (Honduras, Gvatemala, Nikara-
gva). Ime balsa Spanjolska je rije¢ za splav.

NALAZISTE

Balsa je prirodno rasprostranjena u tropskim
kisnim Sumama srednjega i sjevernog dijela Juzne
Amerike, od Bolivije, Perua, Juznog Meksika do Bra-
zila, osobito u Ekvadoru, na zapadnim Indijskim otoci-
ma te u Africi (Kamerun) i jugoistocnoj Aziji (Java).
Tipi¢no nalaziSte balse su nize nadmorske visine, pose-
bice na aluvijalnim plodnim tlima pokraj vodotoka.
Raste na Cistinama i sjeinama, a kultivira se i na
plantazama. Dok u prirodi rastu otprilike 2 — 3 stabla
po hektaru, u plantaznom je uzgoju gustoca stabala 50
— 100 po hektaru. Danas na trziste dolazi oko 60 %
balse uzgojene na plantazama.

STABLO

Balsa je brzorastuéa listaca. U optimalnim uvjeti-
ma na plantazi stabla za 6 do 7 godina mogu narasti do
24 m visoko, sa srednjim promjerom od 75 cm na pr-
snoj visini. Prirodno uzgojena stabla visoka su od 18
do 27 m, a prsnog su promjera od 75 do 120 cm. Visina
Cistog debla iznosi od 10 do 15 m. Debla su pravilna,
cilindri¢na oblika. Kora je mekana, siva, u starosti iz-
brazdana, debljine 1,3 cm.

DRVO

Makroskopska obiljeZja

Drvo balse rastresito je porozno, grube teksture i
s dobro vidljivim porama. Srz drva obi¢no je bijela ili
siva, a bjeljika se bojom neznatno razlikuje od srzi.
Granica goda je neuocljiva, a pokatkad je uocljiva zbog
promjene udjela pora.

Mikroskopska obiljezja

Traheje su velike 1 dobro vidljive, pretezno u ma-
lim skupinama, obi¢no u kratkim radijalnim nizovima
(2-3 traheje). Na 1 mm? nalaze se 1-2 traheje. Prosje¢ni

DRVNA INDUSTRIJA 62 (3) 249-250 (2011)

tangenti promjer traheja iznosi 130...215...260 pm. Vo-
lumni udio traheja je od 3,0 do 4,5 %. Ploc¢a perforacije
¢lanaka traheja jednostavna je.

Aksijalni je parenhim apotrahealni i paratraheal-
ni. Aporatehalni je parenhim difuznog rasporeda. Para-
trahealnije aksijalni parenhim oskudan ili vazicentri¢an.
Volumni udio parenhima iznosi oko 74 %.

Drvni traci sastoje se od dvaju ili vise razli¢itih ti-
pova stanica (heterocelularni), s izrazito kvadrati¢nim ili
uspravnim stanicama na rubnim dijelovima traka. Sirina
trakova je 24...95...135 um. Visina trakova je od 200 do
3 500 wm, a gustoéa trakova iznosi 2...3...4 na 1 mm.
Volumni udio trakova u gradi drva je oko 17-19 %.

Drvna su vlakanca tankostjena. Prosjecna je
duljina vlakanaca 1690...2170...3600 pum, promjer lu-
mena 4,8 ... 11,1 .. .18,7 um, a dvostruka debljina
stani¢nih stijenki 1,8 ... 3,2 ... 6,2 pm. Volumni udio
vlakanaca je oko 4 %.

Fizikalna svojstva

Gustoca standardno suhog

drvap 50...130... 410 kg/m®
70...160...440 kg/m*

270 — 360 kg/m’

o
Gustoca prosusenog drva p
12-15

Gustoca sirovog drva p
S

Poroznost oko 91 %

Radijalno utezanje 1,8-3,0%

Tangentno utezanjeif 3,5-53%
l 6-9%

Volumno utezanje 8

MehaniCka svojstva

Cvrstoca na tlak
Cvrstoca na vlak,

3,5..9,4..27 MPa

paralelno s vlakancima do 75 MPa
Cvrstoéa na vlak,

okomito na vlakanca oko 1 MPa
Cvrstoéa na savijanje 5,3...19...39 MPa
Cvrstoca na smik oko 1,1 MPa

Tvrdoc¢a (prema Brinellu),
paralelno s vlakancima
okomito na vlakanca

Modul elasti¢nosti

0,3..0,7...1,2 MPa
0,2-0,3 MPa
1,1...2,6...6,0 GPa

TEHNOLOSKA SVOJSTVA
Obradivost

Zbog vrlo male gustoce drvo balse tesko se
obraduje. Rezanje i ljustenje drva ne preporucuje se.
Vijci i ¢avli lako se koriste, no drvo je previse mekano
dabi ih trajno ¢vrsto drzalo. Dobro se lijepii povrsinski
obraduje.
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Susenje

Susi se dobro. Sirovo drvo balse ima izuzetno vi-
sok sadrzaj vode. Potrebno ga je susiti odmah nakon
rusenja da bi se izbjegla pojava raspucavanja i skorje-
losti. Prirodno suSenje ima prednost pred umjetnim.
Susenje u susionici zahtijeva posebnu vjestinu i brigu
zbog velikog rizika od pojave skorjelosti ili pregrija-
vanja drva.

Trajnost

Drvo je slabo do izrazito slabo trajno. Bjeljika i
srzslabo su otporne na insekte, termite i gljive uzro€nice
trulezi. Bjeljika je vrlo permeabilna.

Uporaba

Drvo balse vrlo je male gustoce i sluzi za gradnju
splavi, Camaca i pojasa za spasavanje, za toplinsku i
akusti¢nu izloaciju, gradnju zrakoplova i sanduka te za

proizvodnju plutaca. Sporedni proizvod je vuna od sje-
menaka koja se upotrebljava za punjenje jastuka i ma-
draca.
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cial timbers: descriptions, illustrations, identification,
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izv. prof. dr. sc. Jelena Trajkovic¢
doc. dr. sc. Bogoslav Sefc

ERRATA CORRIGE

U radu “The influence of solvent content in liquefied wood and of the addition of condensed tannin on
bonding quality” objavljenom u broju 2/2011 napravljena je pogreska u jednadzbi (1). Jednadzba treba glasiti

TAR = (W—W

3

In the paper named “The influence of solvent content in liquefied wood and of the addition of conden-
sed tannin on bonding quality” published in No. 2, 2011 the equation (1) is not correct. The correct equation

is TAR = (1_2) -100%. Editorial office apologizes to authors and readers for unintentional error.
3

) -100%. UredniStvo se ispriava autorima i ¢itateljstvu na nenamjernom propustu.
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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.
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