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ABSTRACT 
In the presented research are established the normative values for the destructive bending 

moments of the most common used T-shape corner joints of frame structural elements made of 

solid spruce wood with a cross-section of 50 х 30 mm in arm compression bending load. 
The established normative values can be used for the needs of the preventive quality con-

trol of furniture production as well as for the strength design of the sitting furniture, tables, and 

beds. For that purpose, it is recommended to draw up these normative values as a normative 

document which to use in the inner factory control of furniture quality. 
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INTRODUCTION 
Solid wood joints, and in particularly T-

shape joints have been the subject of exten-

sive research by many authors (Kyuchukov, 

G., Jivkov, V. 2016). Some of them are ex-

perimental, and some are theoretical using 

the FEM analysis (Genchev et al. 2016, 

Staneva et al. 2016, Staneva et al. 2018). For 

better quality control of production, it is nec-

essary to introduce norms for the destructive 

(ultimate) bending moments of these com-

pounds. 

Norms for the destructive bending mo-

ments of T-shape corner joints of frame 

structural elements made of solid spruce 

wood are worked out based on the experi-

mental research on the same types of joints of 

frame structural elements with a cross-sec-

tion of 50 x 30 mm (Kyuchukov G. et al., 

2015a). The samples for testing were manu-

factured from the same solid spruce wood 

(Piceaabies Karst.) as in the previous papers 

(Kyuchukov G. et al., 2015; Kyuchukov G. et 

al. 2016). The basic physical and mechanical 

properties of timber are: density – 387 kg/m3; 

radial, tangential and volumetric shrinkage – 

respectively 4,0, 8,6 and 12,7%; radial, tan-

gential and volumetric swelling – respec-

tively 4,2, 7,8 and 11,7%; bending strength – 

56 N/mm2; compressive strength parallel to 

grain – 34 N/mm2; longitudinal modulus of 

elasticity – 9 500 N/mm2 (Kyuchukov G. et 

al, 1990). 

MATERIAL AND METHODS 
In the presented research are given data 

of the normative values for the destructive 

bending moments of 9 types glued T-shape 

corner joints of frame structural elements 

made of solid spruce wood with a cross-sec-

tion of 50 х 30 mm, according to the Bulgar-
ian State Standard 5527-73 (Kyuchukov G. 

1988; Kyuchukov G., Jivkov V., 2016). 
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The following types of T-shape corner joints 

were tested: 

1. T-shape corner butt joints (Fig-

ure 1): 

� butt joint at a right angle; 

� butt joint at other than right an-

gle. 

2. T-shape corner mortise and tenon 
joints (Figure 2):  

� blind mortise and tenon joint;  

� through mortise and tenon joint. 

3. T-shape corner dovetail mortise 
and tenon joints (Figure 3):  

� bilateral dovetail mortise and 

tenon joint at a right angle;  

� one-sided dovetail mortise and 

tenon joint at a right angle;  

� one-sided dovetail mortise and 

tenon joint at other than right an-

gle.  

4. T-shape corner splined joints 

(Figure 4):  

� dowel joint;  

� splined joint. 
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δ = 30 mm 
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Figure 1: T-shape corner butt joints: 1 – butt joint at right angle; 2 – butt joint at other than right angle 

The parameters of the joints correspond 

to the Bulgarian State Standard 5527-73 and 

are given at Figures 1 to 4. 

The joints of the structural elements 

were made with polyvinylacetate adhesive 

(PVAc). 

The type and dimensions of the samples 

are shown on Figure 5. The size L1 = 

141 mm, and L2 = 332 mm. The other sizes 

are as shown in Figures 1 to 4. 

It is the custom to test the samples under 

arm compression bending load. By reason of 

asymmetry of the connecting elements and 

difference in mutual position of the joined 

frame structural elements of some of the 

joints, it is the custom to test them at arm 

compression bending load in two directions – 

in the direction of the ends of the arms А ↔ 
В and in the direction В ↔ С (Figure 5). With 
a view to this for each joint were manufac-

tured 30 numbers of test samples – at 15 

numbers for compression bending load in 

both directions (see Figure 5).  
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3 

b = b1 = 50 mm 

b2 = (0,6÷0,8) b1= 30 mm 

δ = 30 mm 

δ1 = 0,4 δ = 12 mm 

δ2 = 0,3 δ = 9 mm 

L= (0,5÷0,8) b=35 mm 

L1= L+1÷2 mm = 37mm 
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b = b1 = 50 mm 

δ = 30 mm 

δ1= 0,4 δ = 12 mm 

δ2 = 0,3 δ = 9 mm 

Figure 2: T-shape corner mortise and tenon joints: 3 – blind mortise and tenon joint; 
4 – through mortise and tenon joint 

The schemes of loading of the samples 

in their testing (Figure 6) correspond to the 

standardized methodology (BSS 9165-90), 

worked out at the Laboratory of Furniture 

Construction at the University of Forestry 

(Kyuchukov G. 1995; Kyuchukov G., Jivkov 

V., 2016). The experiment was carried out at 

universal testing machine at an even speed 

(5m/min) of loading in the length of (60 ± 30) 
s from the beginning of the loading and accu-

racy of reading of the results 1% of the failure 

force of loading. 

Before testing the samples were condi-

tioned seven days and nights at temperature 

(21 ± 3) 0C and relative air humidity (55 ± 
10)%. 

The destructive bending moments M1 

under compression bending test in direction 

А ↔ В and M2 under compression bending 

test in direction В ↔ С have been calculated 
correspondingly by formulas (1) and (2).  

  (1) 

  (2) 

 

where 

 and  are the failure forces in compres-

sion bending test (Figure 6) in [N]; 

– the corresponding arm of bending in com-

pression bending test under the scheme 

of loading a, b and c (Figure 6) in [m].  

The results from the experiments are 

processed by the variation statistics methods. 

The normative values for the destructive 

bending moments of the tested corner joints 

of the frame structural elements made of 

solid spruce wood are determined by the for-

mulas (3) and (4). 
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b = b1 = 50 mm 

δ = 30 mm 

b2 = (0,6÷0,8) b1= 30 mm 

b3 = 0,85 b1 = 42 mm 

b4 = 0,5 b1 = 25 mm 

l=(0,3÷0,5) b1 = 25 mm 
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b = b1 = 50 mm 

δ = 30 mm 

b3 = 0,925 b1 ≈ 45 mm 

l =(0,5÷0,6) b1 = 30 mm 

β = 100 

γ = 800 
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b = b1 = 50 mm 

b3 = 0,9 b1= 45 mm 

α< 900 

β = 100 

γ = 800 

Figure 3: T-shape corner dovetail mortise and tenon joints: 5 – bilateral dovetail mortise and tenon joint 
at a right angle; 6 – one-sided dovetail mortise and tenon joint at right angle; 7 – one-sided dovetail  

mortise and tenon joint at other than right angle 

  (3) 

  (4) 

where 

 is the mean value of the destructive bend-

ing moment of the joint at compression 

bending test in direction А ↔ В, [Nm]; 

 – the mean value of the destructive bend-

ing moment of the joint at compression 

bending test in direction В ↔ С, [Nm]; 

 – the coefficient of uniformity; 

s1 –the mean square deviation at compression 

bending test in direction А ↔ В, [Nm]; 

s2 – the mean square deviation at arm com-

pression bending test in direction В ↔ 
С, [Nm]. 

The coefficient of uniformity α specifies 
the range of the experimental data spread. In 

the theory of probability, it is given a proof 

that all the variants of experimental data 

practically lie into the limits ± 3s and over 
99% of the data lie into the limits ± 2,5s. On 
the grounds of that fact it can be assumed that 

the lower bound – 2,5s can be accepted as a 

normative bound of the relevant strength 

characteristic of the tested types of corner 

joints of the frame structural elements made 

of solid spruce wood. 

The mean square deviation s is a func-

tion both of the data spread about the mean 

value and the number of the tested samples. 

It is determined the average variational coef-
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ficient vav to eliminate the influence of the ac-

cidental factors of particular samples of the 

given type of joint. At compression bending 

test in direction А ↔ В vav = 11,6%, and at 

compression bending test in direction В ↔ С 
vav = 10,5%. On this basis, the value of the 

mean square deviation for each type of joint 

is specified by the formulas (5) and (6). 

  (5) 

  (6) 
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b = b1 = 50 mm 

δ = 30 mm 

d = 0,4 δ = 12 mm 

l=(2,5÷6)d = 60 mm 

l1=l + (2÷3) mm = 62 mm 

l2= 0,55 l = 33 mm 

a � 2 d = 26 mm 
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b = b1 = 50 mm 

δ = 30 mm 

δ1=1/3 δ = 10 mm 

l = (1÷1,6) b = 65 mm 

l1 = l + (2÷3) mm= 67 mm 

Figure 4: T-shape corner splined joints: 8 – dowel joint; 9 – splined joint 

The normative values for the destructive 

bending moments of the tested T-shape cor-

ner joints at compression bending tests in 

both directions А ↔ В and В ↔ С are deter-

mined by the formulas (7) and (8). 

  (7) 

  (8) 

 

 

 
a b 

Figure 5: Type and dimensions of the samples for testing the T-shape corner joints of frame structural  
elements made of solid wood: a – joints at a right angle; b – joints at other than right angle 
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a    b    c 

Figure 6: Schemes for testing of samples of the T-shape corner joints at compression bending load:  
a – joints at right angle; b – joints at other than right angle in direction А ↔ В; c – joints at other than 

right angle in direction В ↔ С, where l1 is the arm of the joints 

COMPARATIVE ANALYSIS OF 
THE EXPERIMENTAL RESULTS 

The results from the research are pre-

sented graphically in Figures 7 and 8. From 

the data shown in the figures, it is obvious 

that the destructive bending moment depends 

mainly on the type of joint. This is deter-

mined by the type and dimensions of the con-

necting elements and the area of the contact-

ing surfaces of the joints, i.e. the area of the 

glue line. 

The influence of the scheme at which the 

joint was loaded is very less – on the average 

underneath 1%. 

The T-shape corner through mortise and 

tenon joint, blind mortise and tenon joint, 

dowel joint and one-sided dovetail mortise 

and tenon joint at right angle are destroyed at 

a comparatively high bending moment. 

The normative values for the destructive 

bending moments of the tested corner joints 

follow the same dependencies as the experi-

mental data. 

The normative values for the destructive 

bending moments of the tested T-shape cor-

ner joints at compression bending tests in 

both directions А ↔ В and В ↔ С are on the 
average about 68% from the experimentally 

established values. 
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Figure 7: Destructive bending moments and norms for T-shape corner joints of frame structural elements 
made of solid spruce wood with a cross section of 50 x 30 mm at compression bending test in direction 

А ↔ В: 1 – butt joint at right angle; 2 – butt joint at other than right angle; 3 – blind mortise and tenon 
joint;4 – through mortise and tenon joint; 5 – bilateral dovetail mortise and tenon joint at right angle;  
6 – one-sided dovetail mortise and tenon joint at right angle; 7 – one-sided dovetail mortise and tenon 

joint at other than right angle; 8 – dowel joint; 9 – splined joint 

 

 

Figure 8: Destructive bending moments and norms for T-shape corner joints of frame structural elements 
made of solid spruce wood with a cross-section of 50 x 30 mm at compression bending test direction  

В ↔ С: 1 – butt joint at right angle; 2 – butt joint at other than right angle; 3 – blind mortise and tenon 
joint;4 – through mortise and tenon joint; 5 – bilateral dovetail mortise and tenon joint at right angle;  
6 – one-sided dovetail mortise and tenon joint at right angle; 7 – one-sided dovetail mortise and tenon 

joint at other than right angle; 8 – dowel joint; 9 – splined joint 
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CONCLUSION 
The established normative values for the 

destructive bending moments of the T-shape 

corner joints of frame structural elements 

made of solid spruce wood with a cross-sec-

tion of 50 x 30 mm can be used for the needs 

of the preventive quality control of furniture 

production as well as for the strength design 

of the sitting furniture, tables and beds. For 

that purpose it is recommended to draw up 

these normative values as a normative docu-

ment which to use in the inner factory control 

of furniture quality.  

REFERENCES  
BULGARIAN STATE STANDARD 5527-73 – Struc-

tural elements of solid wood. Main joints. (Детайли 
от дървесина. Основни съединения). 

GENCHEV, Y., STANEVA, N., HRISTODOROVA, D. 

2016. Comparative analysis of bending strength of end 

to face but staple joints by FEM. Chip and Chinless 

Woodworking Processes, 10(1):37–42, 2016, Tech-

nical University of Zvolen, ISSN 1339-8350. 

KYUCHUKOV, G. 1988. Rakovodstvo za raz-

rabotvane na kursovi zadachi i proekti po konstruirane 

na mebeli. Izdatelstvo “Zemizdat”, Sofia.  
KYUCHUKOV, G. 1995. Konstruirane na mebeli. 

Izdatelstvo “Martilen”, Sofia. 
KYUCHUKOV, G., ENCHEV, E., BLASKOVA, G. 

1990. Jakosti na ogavane i na natisk na darvesinata na 

belija bor, smarcha i elata ot UOGS “G. Avramov” – 

Yundola. “Gorsko stopanstvo”, 46, No 4, 17–18. 

KYUCHUKOV, G., JIVKOV, V. 2016. Konstruirane 

na mebeli. Konstruktivni elementi i saedinenija v 

mebelite. (Furniture construction. Structural elements 

and furniture joints). Uchebnik za LTU. Izdatelstvo 

“Bismar”, Sofia. p.152. 

KYUCHUKOV, G., KYUCHUKOV, B., JIVKOV, V., 

MARINOVA, A., GRUEVSKI, G., GLIGOV, G. 2015. 

Comparative research on the destructive bending mo-

ments of some corner joints of frame structural ele-

ments made of solid spruce wood with a cross section 

of 50 x 30 mm. Part IV: T-shape corner joints. Pro-

ceedings of Second International Scientific Confer-

ence, WOOD TECHNOLOGY & PRODUCT DE-

SIGN“, 30th August – 2nd September 2015, Ohrid, 

Republic of Macedonia, 273–282. 

KYUCHUKOV, G., KYUCHUKOV, B., JIVKOV, V., 

MARINOVA, A., GRUEVSKI, G., JANJIĆ, Z. 2015. 

Norms for destructive bending moments of end corner 

butt, lap, dowel and splined joints of frame structural 

elements made of solid spruce wood with a cross sec-

tion of 50 x 30 mm. Proceedings of Second Interna-

tional Scientific Conference “Wood Technology & 
Product Design”, 30th August – 2nd September 2015, 

Ohrid, Republic of Macedonia, 283–291. 

KYUCHUKOV, G., KYUCHUKOV, B., JIVKOV, V., 

MARINOVA, A., GRUEVSKI, G. 2016. Norms for de-

structive bending moments of end corner mortise and 

tenon joints of frame structural elements made of solid 

spruce wood with a cross section of 50 х 30 mm. In-
novation in Woodworking Industry and Engineering 

Design, Yundola, October 2016, (in print). 

STANEVA, N., GENCHEV, Y., HRISTODOROVA, D. 

2016. Analysis of deformation behaviour of staple 

corner joint for upholstered furniture by FEM, Pro-

ceedings of 27th International Conference on Wood 

Modification and Technology 2016 „Implementation 
of Wood Science in Woodworking Sector“, October, 
Zagreb, pp.67–74. 

STANEVA, N., GENCHEV, Y., HRISTODOROVA, D. 

2018. Approach to designing an upholstered furniture 

frame by the finite element method. Acta Facultatis 

Xylologiae. 60. 61-69. 10.17423/afx.2018.60.2.06, 

ISSN 1336–3824. 

 

  



UNIVERSITY OF FORESTRY

-----------------------------------------------------------

FACULTY OF FOREST INDUSTRY

INNOVATION IN WOODWORKING 
INDUSTRY AND ENGINEERING 

DESIGN

2/2019

INNO vol. VIII Sofia

ISSN 1314-6149

e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING 
DESIGN

Science Journal

Vol. 08/p. 1–102

Sofia 2/2019

ISSN 1314-6149

e-ISSN 2367-6663

Edition of

FACULTY OF FOREST INDUSTRY – UNIVERSITY OF FORESTRY – SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD
Alfred Teischinger, PhD (Austria)

Alexander Petutschning, PhD (Austria)

Anna Danihelová, PhD (Slovakia)
Asia Marinova, PhD (Bulgaria)

Bojidar Dinkov, PhD (Bulgaria)

Derya Ustaӧmer, PhD (Turkey)

Ivica Grbac, PhD (Croatia)

Ivo Valchev, PhD (Bulgaria)

Ján Holécy, PhD (Slovakia)
Ján Sedliačik, PhD (Slovakia)
Julia Mihajlova, PhD (Bulgaria)

Hubert Paluš, PhD (Slovakia)
Ladislav Dzurenda, PhD (Slovakia)

Marius Barbu, PhD (Romania)

Nencho Deliiski, DSc (Bulgaria)

Neno Tritchov, PhD (Bulgaria)

Panayot Panayotov, PhD (Bulgaria)

Pavlo Bekhta, PhD (Ukraine)

Silvana Prekrat, PhD (Croatia)

Štefan Barcík, PhD (Slovakia)
Valentin Shalaev, PhD (Russia)

Vasiliki Kamperidou (Greece) 

Vesselin Brezin, PhD (Bulgaria)

Vladimir Koljozov, PhD (Macedonia)

Zhivko Gochev, PhD (Bulgaria)

EDITORIAL BOARD
N. Trichkov, PhD – Editor in Chief

D. Angelova, PhD – Co-editor

N. Minkovski, PhD

V. Savov, PhD

P. Vichev, PhD

Cover Design: DESISLAVA ANGELOVA

Printed by: INTEL ENTRANCE
Publisher address: UNIVERSITY OF FORESTRY – FACULTY OF FOREST INDUSTRY

Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA
http://inno.ltu.bg

http://www.scjournal-inno.com/



The Editorial Board wishes to thank the following reviewers for their contributions:

Ali Kasal, PhD (Turkey)

Andrei Kavalov, PhD (Bulgaria)

Anton Geffert, PhD (Czech Republic)

Assia Marinova, PhD (Bulgaria)

Biborka Bartha, PhD (Romania)

Bilge Onaran, PhD (Turkey)

Bojidar Dinkov, PhD (Bulgaria)

Borislav Kyuchukov, PhD (Bulgaria)

Danijela Domljan, PhD PhD (Croatia)

Daniela Tesařová, PhD (Czech Republic)
Danylo Kosenko, PhD (Ukraine)

Derya Ustaӧmer, PhD (Turkey) 
Diana Ivanova, PhD (Bulgaria)

Dorota Dziurka, PhD (Poland)

Ioannis Barboutis, PhD (Greece) 

Elena Vladimirova, PhD (Russia)

Elena Pisareva, PhD (Bulgaria)

Emil Kichukov, PhD (Bulgaria)

Emilia-Adela Salcǎ (Romania)
Erika Loučanová, PhD (Slovak Republic)
Georgi Vukov, PhD (Bulgaria)

Grzegorz Pinkowski, PhD (Poland)

Hristo Shehtov, DSc (Bulgaria)

Hubert Paluš, PhD (Slovakia)

Ioannis Ntintakis, PhD (Greece)

Ivan Amudzhev, PhD (Bulgaria)

Ivica Grbac, PhD (Croatia)

Ivica Župčić, PhD (Croatia)
Ivo Valchev, PhD (Bulgaria)

Izabela Radkova, PhD (Bulgaria)

Jarmila Geffertová, PhD (Czech Republic)
Ján Holécy, PhD (Slovak Republic)

Ján Sedliačik, PhD (Slovak Republic)
Jarmila Geffertova, PhD (Czech Republic)

Jerzy Smardzewski, PhD (Poland)

Julia Mihajlova, PhD (Bulgaria)

Ladislav Dzurenda, PhD (Slovakia)

Maria Evtimova, PhD (Bulgaria)

Marina Cionca, PhD (Romania)

Marius Barbu, PhD (Romania)

Michal Ferenčík, PhD (Czech Republic)
Mihai ISPAS, PhD (Romania)

Milan Šimek, PhD (Czech Republic)
Neli Staneva, PhD (Bulgaria)

Nencho Deliiski, DSc (Bulgaria)

Nikolay Bardarov, PhD (Bulgaria)

Pavlin Vichev, PhD (Bulgaria)

Pavlo Bekhta, PhD (Ukraine)

Petar Antov, PhD (Bulgaria)

Pelin Yıldız, PhD (Turkey)
Petro Khomiuk, PhD (Ukraine)

Radostina Popova, PhD (Bulgaria)

Rangel Chipev, PhD (Bulgaria)

Regina Raycheva, PhD (Bulgaria)

Róbert Németh, PhD (Hungary)
Rodica-Mariana Ion, PhD (Romania)

Roman Réh, PhD (Slovakia)
Sara Garcia, PhD (Portugal)

Silvana Prekrat, PhD (Croatia)

Sotir Glushkov, DSc (Bulgaria)

Stanimir Stoilov, PhD (Bulgaria)

Stela Tasheva, PhD (Bulgaria)

Štefan Barcík, PhD (Czech Republic)
Stjepan Pervan, PhD (Croatia)

Tomasz Krystofiak, PhD (Poland)

Valentin Shalaev, PhD (Russia)

Vasil Jivkov, PhD (Bulgaria)

Vasil Merdjanov, PhD (Bulgaria)

Vasil Vlasev, PhD (Bulgaria)

Vasiliki Kamperidou, PhD (Greece)

Victor Savov, PhD (Bulgaria)

Vladimir Karanakov, PhD (North Macedonia)

Vladimir Koljozov, PhD (North Macedonia)

Volodymyr Mayevskyy, PhD (Ukraine)

Yancho Genchev, PhD (Bulgaria)

Yusuf Erdil, PhD (Turkey)

Zhivko Gochev, PhD (Bulgaria)

Zoran Janjić, PhD (Serbia)
Zoran Trposki, PhD (North Macedonia)



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 2/2019 (16): 5–6 

CONTENTS 

 

NORMS FOR DESTRUCTIVE BENDING MOMENTS OF T-SHAPE CORNER JOINTS OF 

FRAME STRUCTURAL ELEMENTS MADE OF SOLID SPRUCE WOOD WITH A CROSS-

SECTION OF 50 х 30 mm ...................................................................................................................... 7 
Georgi Kyuchukov, Borislav Kyuchukov, Vassil Jivkov, Assia Marinova, Gjorgi Gruevski 

HISTORY OF CHILDREN’S FURNITURE AND INTERIOR .......................................................... 15 
Pavlina Vodenova 

STIFFNESS COEFFICIENTS IN JOINTS BY STAPLES OF SKELETON UPHOLSTERED 

FURNITURE ........................................................................................................................................ 27 
Desislava Hristodorova 

PAULOWNIA, CHARACTERISTICS AND PERSPECTIVES OF ITS EXPLOITATION............... 34 
Z. Janjić, M. Janjić 

SELECTED PHYSICAL AND MECHANICAL PROPERTIES OF COMBINED WOOD 

BASED PANELS FROM WOOD FIBERS AND SAWDUST ............................................................ 42 
Viktor Savov, Julia Mihajlova, Rosen Grigorov 

SUSTAINABLE APPLICATION OF WOOD IN CHILDREN’S DESIGN ....................................... 49 
Ivanka Dobreva-Dragostinova 

STUDY ON THE SOUND ABSORPTION CHARACTERISTICS OF WOOD FROM SCOTS 

PINE ...................................................................................................................................................... 59 
Pavlin Vitchev, Yonka Ivanova, Desislava Hristodorova 

INFLUENCE OF THE CUTTING MODE ON THE SURFACE QUALITY DURING 

LONGITUDINAL PLANE MILLING OF ARTICLES FROM SCOTS PINE S ................................ 66 
Pavlin Vitchev, Zhivko Gochev 

RESEARCH OF THE INFLUENCE OF ADDING ROTTEN WOOD ON THE MECHANICAL 

QUALITY OF PELLETS ..................................................................................................................... 73 
Branimir Šafran, Matija Jug, Kristijan Radmanović, Lučić Ružica Beljo, Marin Hasan,  
Igor Vicković, Stjepan Risović 

METHOD (ALGORITHM) FOR A NUMERICAL AND GRAPHIC DETERMINATION OF 

STIFFNESS IN BENDING OF STRUCTURAL PARTICLEBOARDS ............................................. 84 
Nikolay Yosifov, Stefan Delin 

POTENTIAL FOR DEVELOPMENT OF RURAL TOURISM IN DOLNA PRESPA ...................... 89 
Vladimir Karanakov, Vladimir Koljozov, Zoran Trposki 

SCIENTIFIC JOURNAL „INNOVATIONS IN WOODWORKING INDUSTRY AND 
ENGINEERING DESIGN“ ................................................................................................................ 100 

 

  




