
OCCJst: 
Euro ean Coo eration in the field of Science and Technical Research 

COSTE 53 
QUALITY CONTROL FOR WOOD AND WOOD PRODUCTS 

PROCEEDINGS 

Conference 

Economic and Technical aspects of quality 
control for wood and wood products 

Lisbon, Portugal 

22nd and 23 rd October 2009 


lABOR TORIQ NACIONAL Of E JCENHARIA CIV il FClIIC FACULDADE DE CIENelAS E TECNOLOGIA 

C::"i:. T • i~;)QIIT<:j 1;0, e.2 F cr' ..m.3 e C. 3T '-'"fl ee 
E: ::', fU::-Fr-J 11:' fo C£,lf.JrUT8 "',cugII ..., ;oS (_~tI '"• 



PROCEEDINGS 

COSTE 53 
QUALITY CONTROL FOR WOOD AND WOOD PRODUCTS 

Conference 

Economic and Technical aspects of quality 
control for wood and wood products 

Edited by 
Jose Antonio Santos 

.. 

In cooperation with 
SPM - Sociedade Portuguesa de Materiais 


LNEG - Laborat6rio Nacional de Energia e Geologia 

LNEC - Laborat6rio Nacional de Engenharia Civil 


Supported 
EU RID Framework Programme 

Lisbon, Portugal 

22nd and 23rd October 2009 




COST E 53 

Proceedings of the COST E 53 Conference and meeting in Lisbon, 22 and 23 October 2009. 

Editor: Jose Antonio Santos 

Organising and advisory committee: 

Robert Kliger, Chalmers University of Technology, Sweden 
Arto Usenius, VTT Technical Research Centre, Finland 
Johannes Welling, Johann Heinrich von ThOnen - Institute (vTI), Germany 
Charlotte Bengtsson, SP Tratek, Sweden 
Jose Santos, LNEG - Laboratorio Nacional de Energia e Geologia, Portugal 
Jose Saporiti Machado, LNEC - Laboratorio Nacional de Engenharia Civil, Portugal 
Alfredo Dias, Universidade de Coimbra, Portugal 

Conference: 

Economic and Technical aspects of quality control for wood and wood products 

ISBN: 978-989·96428-1·2 

Lisbon, Portugal, October 2009. 

The opinions expressed in the reviewed articles are those of the authors and not 
necessarily represents of the editor. 

SPM - Sociedade Portuguesa de Materiais 

Apartado 4538 - EC Carnide 

1511 - 601 Lisboa - Portugal 




Organising and advisory committee 

Robert Kliger, Chalmers University of Technology, Sweden 
Arto Usenius, VTT Technical Research Centre, Finland 
Johannes Welling, Johann Heinrich von Thunen - Institute (vTI), Germany 
Charlotte Bengtsson, SP Tratek, Sweden 
Jose Santos, LNEG - Laborat6rio Nacional de Energia e Geologia, Portugal 
Jose Saporiti Machado, LNEC - Laborat6rio Nacional de Engenharia Civil, Portugal 
Alfredo Dios, Universidade de Coimbra, Portugal 

.. 



TABLE OF CONTENTS 


Invited speakers 

Chairperson: Robert Kliger 

1 

2 

3 

Quality Control and productivity in Oak Timber, from forest to the primary processing. 

Jooo Paulo F. Carvalho, Jose A. Santos, Joana Santos 

Improvement potential of value yield in sawmilling through scanning of internal knot 
structure of round wood 

Arto Usenius, Antti Heikkila, Tiecheng Song and Timo Usenius 

Advances in scanning technology and process optimization in the wOQd industry in North 
America 

Ryszard Szymani 

Session 1: Technical aspects of strength grading 

Chairperson: Charlotte Bengtsson 

4 

5 

6 

7 

8 

Cost optimized Timber Machine Strength Grading 

M. Sandomeer 

Comparison of strength grading machine settings for different grade combinations for 
Polish-grown Pinus silvestris L. structural sawn timber 

SJawomir Krzosek, Martin Bacher, Marek GrzeSkiewicz 

Comparison of four basic approaches in machine strength grading 

Alpo Ranta-Maunus 

Optimising machine strength grading with three indicating properties 

A. Weidenhiller, Julia K. Denzler 

Determination of Shear Strength of Timber Joists by torsion testing 

Aamir Khokhar, Hexin Zhang, Daniel Ridley-Ellis 

Session 2: Strength grading and wood properties 

Chairperson: Johan Oja 

9 

10 

11 

12 

Grade yield in Norway spruce as affected by timber length 

Audun 0vrum 

Strength properties of small diameter Eucalyptus Round Wood Poles 

Peter de Vries 

Grading of sawn timber with dynamic methods - influence of defects 

Marie Johansson, Anders Olsson 

Strength grading of hardwood with longitudinal ultrasonic waves and longitudinal 
vibration and locating defects in softwood and hardwood with low frequency ultrasonic 
echo technique 

Katja FrGhwald, Andreas Hasenstab 



Session 3: Drying related topics 

Chairperson: Johannes Welling 

13 

14 

15 

16 

17 

Appearance and development of "sandwich effect" during drying of beech timber in the 
conventional kiln 

Goran Milic, Branko Kolin, Bojan J evtic 

The wood cup description 

Richard Hrcka, Rastislav Lagana 

Phytosanitary treatment during kiln drying - pre-conditions and advantages 

Johannes Welling, Gerda Lambertz 

Measurement of MC in timber for use in log buildings 

Knut Magnar Sandlandl and Knut Finstad 

EMC and temperature relations by Robinia and Poplar 

Robert Nemeth, Agota Ott, Peter Takats, Sandor Molnar 

Session 4: Economic aspects 

Chairperson: Arto Usenius 

18 

19 

20 

21 

CAE analysis and optimization of energy consumption and costs of wood drying with use 
of different drying techniques 

Zeljko Gorisek, Uros FirSt, AleS StraZe 

Improving Lumber Recovery of Low-Quality Hardwoods via Finger-jointing Technologies 

Levente Denes, Colin Dougherty, Elemer M. Lang 

Impact of traceability on price of French Douglas FIR 

Jean-Denis Lanvin, Didier Reuling, Jerome Moreau, Jean-Louis Ferron 

Low cost scanner for determination of wooden board distortion. 

Part 2. Twist, crook, and bow 

Rastislav Lagana, Richard Hrc ka 

Session 5: Quality related topics 

Chairperson: Robert Kliger 

22 

23 

24 

EnginE}ering of strength quality class at fibreboards manufacturing process 

Viktor Savov, Julia Mihailova 

Algorithms to optimize limits for wood property categorization 

A.J. Petutschnigg, U. Pferschy, H. Katz, G. Kainl, A. Teischinger 

Economic and Technical Aspects on Quality Control for Wood Products: 

The Case of Furniture Enterprises in Thessaly (Greece) 

Ioannis J. Papadopoulos, Michalis Scarvelis, George A. Ntalos 



23rdCost Action E53 Conference 22nd 
- October 2009 in Usbon, Portugal 

Economic and Technical Aspects on Quality Control for Wood Products: 

The Case of Furniture Enterprises in Thessaly (Greece) 


Ioannis J. Papadopoulos1
, Michalis Scarvelis I, George A. N taIos I 

lDept. & Furniture Design and Technology, Technological & Educational Institute of Larissa, 

V. Grivall, 43100 KARDITSA, GREECE 


papad@teilar.gr. skmi@fria.gr, gntaios@teilar.gr 


ABSTRACT 

The present research paper, carried out by the Laboratory of Quality Control, of the Department of 
Wood & Furniture Design and Technology of Karditsa, has as target the study of the technological 
implementation and the financial evaluation of the quality control, both in raw materials as well as in 
final products of wooden furniture enterprises, in one of the 3 most important areas of furniture 
production of Greece, Thessaly. Data were collected through properly constructed questionnaires and 
the statistic elaboration of those questionnaires had as a result useful conclusions for the enterprises, 
regarding quality control issues. This quality control is carried out today in a percentage of 63.9% of 
the enterprises, using only optical checking and experience, without using any technological 
equipment at all. So, the establishment and operation of a quality control laboratory for furniture, 
from an independent conveyor, staffed with experts, is considered as necessary in a percentage of 
83.3%. Besides, the qUality of the furniture produced, seems to consist the second competitive 
advantage of the Thessaly enterprises, in a percentage of 75.0% considered more important even 
from the price of the product. 
Key words: Quality control, furniture, wood products economy, furniture marketing, thessalian 
furniture, quality control laboratory, cost. 

INTRODUCTION 

Recent years, especially after 1990, quality in furniture has been found as one of the most important 
factors - criteria of purchase from the consumers' side, as well as of the enterprising activities 
(Zantanidis et al 1995; Papadopoulos 2005). The furniture industries that realize this consumers' 
behavior, try to come up to the requirements by differentiating many times their production 

. procedure, having though as a basis the marketing department, that will promote and show the 
qUality of as a competitive advantage (Papadopoulos et al 2004). * 

The focus of a furniture industry or its external collaborators on quality matters or research for 
development and certification or use of special programs for qUality control and total quality 
management, as well as the impact of the previously mentioned factors on the final cost of the 
product, should be a continuous target, because a system of quality control could be also used as 
reference in the various contracts (Brown 1982; Logothetis 1992; Dervitsiotis 1993). 
Ideas of the past, that the best quality furniture has always the biggest cost and also that it leads in 
reduced productivity, have been revised when put in action -but also from more recent research": and 
are considered mistaken, because through the modernization of the production procedures an 
enterprise can be lead to a significant reduction of the total production cost (Papadopoulos et al. 
2007). 
Besides the above mentioned, the generally low percentage of Greek furniture export in countries 
that demand high quality standards, has as the main reason the lack of certifications of the furniture 
produced, the failure to meet the international standards, as well as the lack of the quality control. 
For this purpose of course, the furniture enterprises should have modem production facilities, able to 
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produce furniture that meets international standards. Last but not least, is the lack of staff with 
qualifications and conscience needed for products' qUality. 
In the international market, the orientation of the enterprises to the exports might "force" the use of 
high qUality standards. 
Recent research (Matzaris 2(03), showed that 60-70% of totally observed faults in final products 
(which are of course discovered in the last phase of the production), is caused from omissions in the 
sectors of design, of the productions flow, of the quality control of raw materials and of course from 
the total lack of quality control. So, the re-evaluation of the importance of the quality control is really 
m~e4ed. 
Generally, in wood and furniture enterprises, the quality control usually used is that of raw and 
subsidiary materials (sawnwood, veneers, wood-based panels, fitting materials etc.) of the 
production procedure and the final products. Greek specifications of quality classification for 
sawnwood do not exist and -when it is imported- the rules of the country of origin are used, provided 
that the largest part of the sawnwood consumed in Greece is being imported (Ntalos 2003; 
Papadopoulos et al. 2005; Papadopoulos and Karagouni 2(07). The quality of the products and the 
services pf an enterprise depend on the creation and implementation of a reasonable Management 
Administration System of the production procedure. Such a system should first accept and 
implement the principles of quality assurance and then extend them to the upper level of quality 
administration, namely the Management of Total Quality. 
The aim ofthis research is to find out the degree to which quality control is or not being made in the 
raw material and in the final products of the Thessalian furniture enterprises, in order to create a new 
route based on the European data. 

METHODOLOGY OF THE RESEARCH 

The methodology used for the research was based on fulfilling special questionnaires, properly 

constructed, following the general principles for their design and composition (Tull and Hawkins, 

1990; Doyle, 1998; Aaker et al. 2004). 

In order to form the final questionnaire, the principle of pro-questionnaire was used, which means 

that pre-test was made in 2 enterprises, where some vagueness was located, which was seriously 

taken into account when composing and forming final questionnaire (Dillman, 20(0). 

36 questionnaires where filled in total, the first 12 from Thessalian enterprises that took part in the 

European Programm RISC, while the rest where filled from 24 other Thessalian enterprises, selected 

using of random sample method. In total, the research covered about 5% (representative sample) of 

the Thessalian furniture enterprises, from the prefectures of Larissa, Trikala and Karditsa. 

Each questionnaire included groups of questions of closed and opened type, including among others: 

the application or not of quality control in both the raw materials and the final products, the listing of 

the viewpoint and ~owledge of the enterprises on quality control issues, in combination with the 

basically used equipment (conversion equipment, means of transportation etc, raw materials, 

quantity, quality and way they are provided). 

Collecting data was made from April to June of 2003 and then were statistically analyzed using the 

statistical package of SPSSWIN ver. 17.0 and statistic controls of Frequencies, Descriptives, 

Crosstabs and Binary or Bionominal Logistic Regression were made (Hovitt and Cramer 2003; 

SiOInkos and Vasikikoloulou 2005; Norusis 2007). 
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RESULTS 

Use ofraw materials and criteria for their selection 
Quality control of raw materials consists a basic element of this marketing research of the Thessalian 
furniture enterprises. In Figure 1, where the percentages for every raw material category are 
presented, it can be seen that 100% of them use sawn wood of "A" quality, mostly from beech and 
to a lesser extend from poplar, oak, chestnut, walnut and lime wood. Wood origin is exclusively 
Greek in a percentage of 37.5%, both Greek and imported wood is used by a percentage of 37.5 %, 
while the exclusively imported wood is used a bit less in a percentage of 25 %. Their suppliers were 
mainly commercial enterprises from Thessaly. 
An also significant percentage of those enterprises (66.7%) uses fibreboards and particleboards, as 
raw materials for their products production. Particle-boards is used by 83.3% 6f the enterprises with 
a turnover smaller than 500.000 €, while there is a negative connection between the use of raw 
materials and the conduction or not of exports (Cramer's V coefficient = 0.707 for a<0.02, kendal's 
tau-c =-0.667). 
Moreover, half of them (50 %) use also covered particleboards, decorative veneer sheets and 
plywood. All the enterprises that have a turnover smaller than 500.000 € use plywood (Cramer's V 
coefficient =0.89 for a<O.OI, kendal's tau-c =0.661), while the S.A. do not use plywood all. 
On the opposite, half-ready raw materials, such as cabinet doors, boxes, curved materials, profIles, 
frames etc, are being used only by 8.3% of the enterprises. Use of half-ready raw materials is being 
made by all enterprises having a turnover smaller than 500.000 €, or do not export their products, or 
are consisted of one person, or have less than 10 staff members. Decorative veneer sheets are used 
by all enterprises that have a turnover smaller than 500.000 € (Cramer's V coefficient =0.69 for 
a<O.01, kendal's tau-c = 0.661). 
It is remarkable to mention the case of using a relatively new product in Greece, the OSB, as a 
furniture raw material by 16.7% of the enterprises, which proves that they are innovative. The use of 
OSB is negatively related to all enterprises that have a turnover from 500.000 - 1.000.000 € 
(Cramer's V coefficient::= 0.77 for a<0.05, kendal's tau-c = -0.397), as well to those that have less 
than 10 staff members (Cramer's V coefficient = 0.529 for a<O.l, kendal's tau-c = - 0.389), while it 
is mainly used by those that produce living room furniture or are G.P. 

Fig. 1. Percentages ofvarious raw materials that the ThessalUln furniture enterprises use for their products. 
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Of course, apart from the above wooden products, some enterprises (8.3%) use also aluminum, glass 
and leather as raw materials. 
For the supply of the above materials, the Thessalian furniture enterprises never use exclusively one 
supplier and the biggest percentage of them (41.7%) trusts more than 4 suppliers, while 3 and 2 
suppliers are used in percentages of 33.3% and 25% in correspondence. Of course, the criteria by 
which the suppliers are being selected are of great importance and it seems that the most important is 
the ensuring of good quality (in a percentage of 83.3%), as well as their low price (75%) (Table 1). 
Th~ criteria of responding time to the order (33.3%) and of the former dealings (25%) follow but to a 
great distance. From the above answers speculates us a little the fact that while quality is in the fIrst 
position of their criteria, none of the enterprises occupies a certifIcate that reassures about the quality 
but -at least- they can see its importance. 
As long as quality consist the fIst criterion for the selection of raw materials, it is of great importance 
to fInd out if those enterprises are satisfIed from it. 25% of them are not satisfIed from the quality of 
the raw materials supply and try to use imported raw materials. The imported raw materials satisfy 
the 91 %,.,of the furniture enterprises, despite the fact that they have a higher price, specifIcally about 
20% higher in average. 

Table 1. Criteria for selecting a supplier, used by the Thessalian furniture enterprises 

One of the most important factors that influences the production cost of furniture products seems to 
be the percentage of the raw material wastes, which ranges between 10-30% (average 20.8%), as 
well as the implementation of specifIc technical specifIcations for the products produced. But in this 
sector, the Thessalian enterprises are not good enough, as only 1/3 of them implements them, 
without being exactly defIned which specifications they are, even though many of them are enforced 
by the law. Moreover, 75% of the enterprises that offer their products to the local market, does not 
implement any technical standards. 

VISual 

experience 
14,3% 

Experience 
28,6% 

Visual sample 
control 
42,9% 

Figure 2. Percentages ofthe Thessalian furniture enterprises that implement procedures 
ofquality control in raw materials. 
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Implementation ofquality control and certification ofthe enterprises 
Regarding the implementation of quality control in raw materials (Fig. 2) and in final products (Fig. 
3), only 36.4% of the enterprises does not implement it in both cases. Also, all enterprises that apply 
quality control, use only visual and not at all laboratory controL Besides the visual control they also 
use their experience in a percentage ranging between 28.6 - 42.9%. The implementation of quality 
control is positively related to the turnover made (Cramer's V coefficient = 0.829 for a<O.l, kendal' 
s tau-c =0.39), negatively to exports (Cramer's V coefficient = 0.878 for a<O.I, kendal's tau-c = ­
0.76, which means that none of the enterprises that make exports conducts quality control) and 
positively with their activities (Cramer's V coefficient = 0.908 for a<O.05, kendal's tau-c = 0.227). 
The implementations of environmental protection procedures (security and health of the employees, 
use of ecological enamel etc) is implemented by 50% of the Thessalian enterprises and consists one 
more competitive advantage of the furniture enterprise, that can of course be increased, if they 
manage to give the proper information to the customer. 

Experience 
28,6% 

Figure 3. Percentages ofThessalian furniture enterprises that implement procedures 
ofquality control in final products. 

During data analysis, an attempt was made to create models of regression that can allow the 
implementation of quality controls, specific standards, ISO 9000 or future implementations of it 
(depended variable), in relation to the independent variables (total invested money in the enterprise, 
total value of fixed capitals, average turnover, total number of employees, total size of the enterprise 
(main factory, warehouses, uncovered areas) and the total number of working days of the enterprises 
on annual basis). 
A lot of tries using Binary Logistic Regression were made, which calculates logarithmic probabilities 
of the depended variable. It means that the maximization of the probabilities was examined, as after 
the depended variable is turned into logarithmic variable (the natural logarithm of the probabilities to 
happen or not). This method is being used when the depended variable is dichotomy (for example 
YES, NO etc.) and the logarithmic model of the regression has the following form: 
Ln [(p/(l-p)] = a + bX, where: p =the probability that the Y will happen (Y=I), 
p/( I-p) = (odds ratio), 
Ln [p/(l-p)] =(log odds ratio), 
a = the constant of logarithm model and b = the logarithmic regression coefficient. 
The prediction for implementation or not of the ISO 9000 is possible with the following model 
binary logistic regression: Ln [(p/(1-p)] = -0.129 + 3.775X, where X is the total number of staff used. 
The model is statistically significant (X2 = 4.857, p<0.05), rejecting the null hypothesis that the 
independent variable is linearly connected to the logarithmic probabilities of the depended variable. 
The Nagelkerke R2, which adjusts the Cox-Snell R2, which in tum corresponds to the R2 of the linear 
regression is 0.560, which is considered satisfying. 
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The prediction of implementation of the specific technical standards for products of wooden 
furniture that they produce or not is possible, with the following model binary logistic regression: 
Ln [(p/(l-p)] =92.160 - 0.026X, where X is the total surface of the uncovered areas of the enterprise. 
This model is statistically significant (X2= 8.997, p<0.05), rejecting the null hypothesis that the 
independent variable is linearly connected with the logarithmic probabilities of the depended 
variable. The Nagelkerke R2, which adjusts the Cox-Snell R2, which in tum corresponds to the R2 of 
the linear regression is 0.999, which is considered as very satisfying. 

An Jmportant factor during the production procedure is also the degree to which the enterprises 
themselves are satisfied from the quality of the products they produce (91.7%), regardless of the 
prices, the disposal or other factors. The total of the S .A. or personal companies are satisfied from 
the quality of their products. The rest (8.3%) reports non satisfaction and this might derive from the 
fact that they are traditional enterprises (foundation year <1960) that haven't manage to implement 
new technologies, as there is a positive relation between them (Cramer's V coefficient = 1.000 for 
a<0.02, kendal's tau-c =0.306). 
Besides, the quality of the products produced consists the second competitive advantage of the.. 
Thessalian furniture industries, according to their opinion, while the first position is occupied by the 
service they offer to their customers. Reasonable prices and the guarantees that are given, consist the 
next characteristics of those enterprises (Table 2). 

anltagje8 of the Thessalian furniture enterprises 

On the opposite, the lack of technical experts is their main weakness (Table 3). 

enterprises 

The confirmation of the good quality of the Thessalian furniture enterprises, that results from the 
former observations, reassures the fact that 91.7% of them implement the quality control during the 
production of their products and after it (36.4% of them exclusively during it), while after the 
completion of it the 18.2%. But most of the times they implement it also during both phases 
mentioned before (Fig. 4). The highest percentage (60%) of the G.P. enterprises implements the 
quality control also during the production. as well as after its completions. 



production 
45,5% 
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During the 
During and after the 

Figure 4. Percentage ofthe Thessalian furniture enterprises with implementation ofquality control procedures 
during different phases ofthe production procedure. 

Of course, all of the controls are only visual and none of the enterprises conducts laboratory controls, 
either because they do not have the equipment and the experts needed or because there is lack in the 
relative knowledge and the ability. 
Asking about the implementation or not of the quality control, it seems that gave to the enterprises 
the spark to say that they consider it (in a percentage of 83.3%) as necessary for the establishment of 
a furniture quality control laboratory, which should belong to an independent conveyor, staffed with 
experts. All of the enterprises (100%) that have a turnover >500.000 €, as well as the S.A., state that 
the establishment of such a laboratory is necessary. 
All the above enterprises stated in a percentage of 83.3% that this quality control should be made 
both for raw material and chemical additives, as well as in final products. 
Of course, all the above mentioned regarding the quality of the produced furniture, can not be 
accomplished without informing and training of those enterprises' employees. So, 54.5% already 
motivate their employees to attend relevant informing seminars, which are being held both inside the 
enterprise in a percentage of 83.3% and outside it in a percentage of 16.7%. 
The categories of the employees that are motivated by their enterprises for training through special 
programs seem to be mostly (more than 42.9%) the management executives of the enterprises, while 
-in most cases in the SME's- those positions are occupied by themselves (the owners or their 
children), while all the other categories of the employees (medium executives, the experts and the 
unskilled employees) reach the same percentage (14.3%) each one. 

CONCLUSIONS-SUGGESTIONS 

In Thessaly, for the furniture branch, which continues positioning traditionally a big share of the 
local market and that has good chances of an increase in its turnover, there is no other choice apart 
from using the offensive implementation of marketing, which in tum will be based on the quality of 
the products and the after sales service support of the consumer. 
Factors showing the capabilities and the ability of a competitive advantage of the above enterprises 
are a turnover higher than 500.000 € in the largest percentage of them (63.6%), as well as the 
participation of the founders' children as high executives (university graduates) in those enterprises. 
Additionally comes the fact that proper selection of raw materials in a percentage of 83.3% and the 
use of innovative raw materials (such as aSH) consist basic criteria for upgrading qUality. 
The non use of specific technical standards in the production of furniture (by the 2/3 of the 
enterprises), as well as the way that quality control is being made (only with visual observation and 
experience, without any assistance of laboratory quality control), is a sector where enough attention 



Cost Action E53 Conference 22nd 
- 23m October 2009 in Lisbon, Portugal 

should be paid. An independent and flexible organization is proposed, staffed with experts that will 
certificate the quality control of the furniture, as this is the will of 83.3% of the furniture enterprises. 
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