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ABSTRACT 

Staining is a process of transparent wood surface colouring. Stains are liquid systems that wet and 

penetrate treated surfaces, changing their properties, including their roughness. The article presents research 

on the surface roughness change of beech, beech plywood, and beech veneered wood-fibre boards after 

treatment with waterborne and solvent-based stains and waterborne stains with PVA resin additive. Before 

staining, the surfaces were sanded with P150-grain sandpaper. A contact roughness tester model SJ-210 

and a standard Gaussian filter were used to evaluate the roughness. The influence of the substrate structure, 

the stain dilution and the type of thinner on the surface roughness were determined. The parameters Ra, 

Rpk, Rk, Rvk and the composite parameter Rpk+Rk+Rvk were analysed. The results are presented 

graphically and also in tables. 
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INTRODUCTION 

Staining is a process of transparent surface colouring of wood details and elements 

(Kavalov and Angelski 2014). It refers to the operations preceding coating formation. 

Stains are low-viscosity liquid systems that wet-treated surfaces and penetrate them, 

changing their properties, including their roughness. In recent days, the use of solvent-based 

stains has decreased because of the poisonous volatile organic compounds (VOC) included in 

their formulation. Their replacement with waterborne stains, when treating wood surfaces, leads 

to longer drying times and wood grain raising. Grain raising depends on several factors, 

including wood species, surface preparation, substrate type, stain formulation, solids contents 

and surface tension of the applying products, amount of stain applied, drying speed, application 

method, and ambient humidity and temperature (Landry et al. 2013, Onegin 2015, Yakovlev 

2020, Atanasova and Angelski 2023). Wood grain raising is an unwanted effect resulting from 

the treatment of wood surfaces with liquid systems. To negate it, additional intermediate sanding 

of the surface is required before applying the next coating layer. 

The main approaches to limiting wood grain raising are the rationalisation of the process 

conditions of the surface preparation for coating (Evans, 2009), and the inclusion of special 

additives in the coating system formulation (Landry et al. 2013). 

Traditionally, changes in surface roughness are measured using a group of roughness 

parameters. A rational approach to assess the wettability of wood surfaces is to measure 

parameter values before and after treatment (Magoss et al. 2019, Atanasova et al. 2023). 

The arithmetic mean deviation of the assessed profile Ra, in combination with the surface 

profiles, gives an accurate overall assessment of the change of the profile as a result of wetting. 

A detailed assessment of the influence of the substrate structure is given by the material ratio 

curve parameters: core roughness depth Rk, reduced peak height Rpk, and reduced valley depths 

Rvk (Magoss et al. 2019, Atanasova and Angelski 2023).  
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The aim of the present study is to establish the change in surface roughness of beech, beech 

plywood, and beech veneered wood-fibre boards after treatment with solvent-based stain, 

waterborne stain, and waterborne stain with PVA resin additive. 

METHODOLOGY 

Stains were applied with a brush to beech wood, beech plywood and beech veneered wood-

fibre boards. In the case of the waterborne stain, the excess amount was wiped off with a porous 

material. 

The beech wood (Fagus sylvatica L.) density was measured to be 763 kg/m3. The 

specimens with dimensions of 140 x 70 x 20 mm (L x B x δ) were plane-milled. 

The plywood was manufactured by S.C. Cildro Plywood, Romania. According to the 

manufacturer, it has a symmetrical structure and density of 760 kg/m3, according to CEN EN 

323:1993. The plywood surfaces were sanded with sandpaper P80 and P120 and met quality 

II/III according to CEN EN 635-2:1995. The plywood face layers were made of peeled beech 

veneer. The specimens had dimensions of 140 x 70 x 15 mm (L x B x δ). 

The veneered detail was made from a wood-fibre board and veneered with radial beech 

veneer with a thickness of 0.55 mm and a moisture content of 12±1%. The veneer was 

manufactured by Danzer, Germany. Its average density was measured to be 596 kg/m3. PVA 

glue was used for veneering. The pressing temperature was 75 ̊C. After pressing, the surfaces 

were not sanded. The specimens had dimensions of 140 x 70 x 17 mm (L x B x δ).  

All materials were conditioned for 5 months at 20 ± 2°C and 50 ±5% R.H. 

Before staining, the specimens were sanded with P150-grain sandpaper. 

The surfaces were treated once with a waterborne stain, a waterborne stain with a PVA 

additive or a solvent-based stain. Stains were produced by N.K.N, Bulgaria. 

The waterborne stain CWT 4 (concentrate) contains 15% C.I. Acid orange and up to 130 g/l 

VOC (https://lakove.bg/). 

According to the manufacturer, to limit the wood grain raising of the treated surfaces, it is 

recommended to add a minimum of 30-40% PVA resin to the waterborne stain. For the 

experiment, 40% PVA resin was added to the waterborne stain.  

The formulation of the solvent-based stain TM-T22 (concentrate) includes 

Methoxypropanol and pigments. The product contains up to 700 g/l VOC (https://lakove.bg/). 

Three series of specimens were prepared for each of the three surface types: stain-

concentrate treatment (100%), thinner-only treatment (0%), and treatment with a 50% stain-

thinner mixture. The measurements were carried out 24 hours after staining. 

A weighting method was used to determine the density of the investigated materials and 

the amount of stain applied. 

The measurements of roughness parameters were made with a contact roughness tester 

Mitutoyo SJ-210 with a V-shaped stylus tip of radius R = 5 µm and evaluation length ln =15 

mm. A standard Gaussian filter with limits λc = 2.5 mm and λs = 8 µm was applied. The 

measurements were taken perpendicular to the wood grain, at the same evaluation lengths, before 

and after staining. 

The arithmetic mean deviation of the evaluated profile Ra, according to ISO 4287:1997, 

was chosen as the main parameter studied. Additional parameters were selected from the material 

ratio curve parameters: core roughness depth Rk, reduced peak height Rpk, and reduced valley 

https://lakove.bg/
https://lakove.bg/
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depths Rvk, according to ISO 13565-2:2002. The composite parameter Rpk+Rk+Rvk was also 

calculated. 

The Excel program was used for the data statistical processing and their graphical 

presentation. 

RESULTS AND DISCUSSION 

The results of the experiment to determine the influence of the stain dilution and the type 

of thinner on the roughness parameters of the three types of treated surfaces are presented in 

Tables 1–3. 

A comparative graph of beech surface profiles, before and after staining with concentrated 

(100%) waterborne stain, concentrated waterborne stain with PVA additive, and concentrated 

soluble-based stain are presented in Figures 1–3. 

Figure 1: Beech surface profile change as a result of treatment with a waterborne stain 

Figure 2: Beech surface profile change as a result of treatment with a waterborne stain with а PVA additive 
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Table 1: Average values of the roughness parameters of the beech surfaces treated with waterborne stain, 

waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values ΔR 

[%] and accuracy index p [%] for sanded and stained surfaces 

Type of stain Waterborne stain 
Waterborne stain with 

PVA additive 
Solvent-based stains 
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Ra [µm] 5,93  10,35 75  3,17  2,85  4,95  7,17 45  3,26 3,33  3,98  6,75 71  5,62 6,82 

Rk [%] 14,22  30,95 118  3,31  4,91  14,00  20,07 43  4,31 3,00  11,00  18,84 71  4,81 7,56 

Rpk [%] 5,10 12,21 139  5,23  8,79  4,84 13,48 179 5,30 8,08  4,09 14,13 245  8,41 6,81 

Rvk [%] 18,51  19,22 4  3,33  6,80  13,52  14,26 5  9,15 7,85  11,33  11,83 4  10,22 10,86 

Rpk+Rk+Rvk 

[%] 
37,83  62,38 65 3.24 3.19 32,37 47,81 48 2.9 4.10 26,43 44,80 70  7.42 7.6 

50 

Ra [µm] 5,61  13,50  140  5,43  6,13  4,79  10,87 127  4,32 4,16  5,46  5,97 9 7,60 8,59 

Rk [%] 15,11  41,02  171  6,24  7,45  13,00  31,46 142  3,95 3,93  15,71  16,71 6 8,50 9,25 

Rpk [%] 5,34  21,41  300 11,13  5,10  5,17 15,76 205  7,91 4,22  4,96 6,43 30  6,42 18,33 

Rvk [%] 14,99  19,81  32  6,27  7,86  14,27  18,06 27  9,69 9,45  14,05  16,52 18  5,99 14,96 

Rpk+Rk+Rvk 

[%] 
35,43 82,23 132  5.51 5.76 32,45 65,28 101  6.17 3.59 34,73 39,67 14  5.93 10.46 

100 

Ra [µm] 3,88  7,16  84  3,01  2,33  6,63  13,00 96  3,88 3,39  4,27  5,50 29  3,70 3,89 

Rk [%] 11,34  21,41  89  2,76  3,21  17,89  39,27 120  5,13 3,46  12,13  16,40 35  3,65 4,53 

Rpk [%] 3,60  13,04  262  4,75  2,69  8,85 21,05 138  9,36 5,79  4,13 7,97 93 7,88 6,01 

Rvk [%] 9,47  10,32 9  4,24  5,07  18,25  19,71 8  4,65 5,15  11,28  12,92 15  7,30 9,35 

Rpk+Rk+Rvk 

[%] 
24,41 44,76 83  3.21 1.71 44,99  80,03  78  4,43 2,70  27,54 37,29 35  4.80 5.32 

From the presented results, it can be concluded that after staining, the values of all 

investigated roughness parameters increased. The greatest change was found for surfaces treated 

with waterborne stain, while the smallest was for surfaces treated with solvent-based stain. The 

most significant change was in the values of the parameter Rpk. A similar trend of parameter 

change was established when beech surfaces were treated with a single-layer low-viscosity 

waterborne varnish system (Atanasova and Angelski 2023), but Ra, Rk, and Rpk+Rk+Rvk were 

less affected. 

The stain dilution affected the roughness parameter values. The change in the values of the 

stained surface parameters was influenced by the presence of a PVA additive in the waterborne 

stain. The values of the parameter Rvk were the least affected. 

When the surfaces were treated with thinner alone, the variation in parameter values was 

much greater than when treated with stain (concentrate or diluted). An exception was the Rvk 

parameter. 
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Figure 3: Beech surface profile change as a result of treatment with a solvent-based stain 

Table 2: Average values of the roughness parameters of the veneered surfaces treated with waterborne stain, 

waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values ΔR 

[%] and accuracy index p [%] for sanded and stained surfaces 

 Type of stain Waterborne stain 
Waterborne stain with PVA 

additive 
Solvent-based stains 
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Ra [µm] 6,96 8,45 21 4,00 3,08 6,19 9,92 60 5,69 4,82 6,16 6,51 6 0,53 2,49 

Rk [%] 16,82 22,56 34 2,57 3,65 15,79 27,89 77 4,67 4,73 16,02 16,10 0 2,24 1,96 

Rpk [%] 6,20 10,35 67 9,20 10,25 5,90 13,57 130 5,76 5,52 5,75 5,75 0 7,31 6,77 

Rvk [%] 20,55 21,61 5 4,18 5,40 16,88 20,05 19 8,25 10,05 15,85 17,89 13 3,36 3,11 

Rpk+Rk+Rvk 

[%] 
43,57 54,52 25 2.73 5.05 38,58 61,51 59 5.35 4.87 37,62 39,74 6 2.66 2.16 

50 

Ra [%] 8,14 10,24 26 3,25 3,47 6,26 7,34 17 6,16 2,70 7,29 6,81 -7 4,15 4,14 

Rk [%]  19,55 27,48 41 5,95 4,73 14,59 19,68 35 5,73 4,67 17,72 17,24 -3 3,99 4,80 

Rpk [%]  6,12 11,20 83 9,43 15,89 4,35 8,35 92 8,88 6,81 5,92 5,06 -15 9,84 6,62 

Rvk [%]   21,64 23,03 6 4,01 3,96 18,65 19,59 5 5,43 5,40 21,10 19,86 -6 4,22 2,09 

Rpk+Rk+Rvk 

[%] 
47,31 61,71 30 4.20 5.05 37,58 47,62 27 5.60 2.84 44,74 42,17 -6 4.19 3.28 

100 

Ra [µm] 7,71 9,16 19 4,84 2,58 5,15 6,91 34 2,39 2,66 5,93 5,56 -6 2,24 2,75 

Rk [%] 18,43 24,36 32 4,64 3,02 12,51 19,04 52 1,76 1,78 15,57 14,77 -5 2,58 2,76 

Rpk [%] 6,09 10,12 66 7,22 6,69 4,05 10,01 147 9,08 8,66 5,04 5,02 0 5,37 5,16 

Rvk [%] 21,09 22,06 5 4,20 3,40 15,16 15,96 5 4,61 5,95 15,31 15,44 1 3,50 4,26 

Rpk+Rk+Rvk 

[%] 
45,60 56,54 24 4.09 2.27 31,71 45,01 42 1,91 2,01 35,92 35,23 -2 2.83 2.68 
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From the results presented in Table 2, it can be concluded that after treatment with a 

waterborne stain, the roughness parameter values increased. The greatest change was in the 

parameter Rpk. The Rvk parameter was the least affected. The stain dilution affected the 

roughness parameter values. 

As a result of treatment with a solvent-based stain, the values of the roughness parameters 

decreased or increased slightly. Dilution affected the change of the parameters Rpk and Rvk to 

the greatest extent. 

The PVA additive presence affected the roughness parameter values. In the case of water 

presence in the stain composition, the PVA additive limited the surface profile change. 

A comparative graph of veneered surface profiles, before and after staining with 

concentrated (100%) waterborne stain, concentrated waterborne stain with PVA additive, and 

concentrated soluble-based stain are presented in Figures 4–6. 

Figure 4: Veneered surface profile change as a result of treatment with a waterborne stain 

Figure 5: Veneered surface profile change as a result of treatment with a waterborne stain with а PVA 

additive 
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Figur 6: Veneered surface profile change as a result of treatment with a solvent-based stain 

Table 3: Average values of the roughness parameters of the plywood surfaces treated with waterborne stain, 

waterborne stain with PVA additive, and solvent-based stain. Change in the roughness parameter values ΔR 

[%] and accuracy index p [%] for sanded and stained surfaces 

Type of stain Waterborne stain 
Waterborne stain with 

PVA additive 
Solvent-based stains 
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Ra [µm] 12,38 13,85 12 2,84 2,66 11,57 15,16 31 2,03 3,44 11,79 12,09 3 5,31 4,71 

Rk [%] 32,65 39,66 21 5,49 3,29 30,53 44,10 44 3,98 3,83 31,80 33,34 5 5,57 5,18 

Rpk [%] 6,29 17,40 177 7,07 8,18 8,16 22,86 180 5,70 7,95 8,73 7,93 -9 5,64 6,95 

Rvk [%] 28,75 26,21 -9 5,60 5,62 25,63 26,03 2 3,48 4,47 26,28 27,15 3 6,15 5,23 

Rpk+Rk+Rvk [%]  67,69 83,27 23 2,66 3,56 64,32 92,99 45 1,47 4,17 66,81 68,42 2 4,29 4,40 

50 

Ra [µm] 11,11 14,55 31 3,31 1,86 11,78 16,21 38 2,77 2,79 10,89 11,26 3 4,20 4,47 

Rk [%] 27,74 42,96 55 3,60 1,91 33,08 48,62 47 5,33 3,24 26,83 27,71 3 3,56 2,74 

Rpk [%] 7,30 18,65 155 7,62 7,85 7,37 21,28 189 7,62 7,79 7,48 6,63 -11 9,58 7,48 

Rvk [%] 27,17 26,61 -2 6,27 8,23 24,23 27,09 12 4,70 6,47 27,19 28,02 3 6,47 6,95 

Rpk+Rk+Rvk 

[%] 
62,22 88,22 42 3,67 2,89 64,69 96,99 50 2,74 3,49 61,50 62,36 1 4,90 4,27 

100 

Ra [µm] 11,89 14,97 26 1,99 2,23 12,07 14,84 23 3,03 2,53 12,10 12,28 1 4,39 4,04 

Rk [%] 33,13 47,25 43 2,81 2,61 30,20 44,68 48 6,12 3,34 30,52 31,33 3 5,75 5,14 

Rpk [%] 9,10 17,95 97 15,32 7,83 7,34 20,21 175 8,83 7,37 7,92 9,85 24 7,06 5,37 

Rvk [%] 23,67 24,23 2 4,62 2,78 27,98 27,86 0 4,18 4,69 27,81 27,25 -2 5,04 5,18 

Rpk+Rk+Rvk 

[%]
65,90 89,43 36 2,61 2,35 65,52 92,75 42 3,53 3,22 66,24 68,42 3 4,46 4,38 
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The results presented in Table 3 show an increase in the values of the investigated 

roughness parameters for the surfaces treated with waterborne stains. The change in Rvk is 

insignificant. A similar trend of parameter change was established when beech plywood was 

treated with a single-layer low-viscosity waterborne varnish system (Atanasova and Angelski 

2023), but the changes in Ra, Rk, and Rpk+Rk+Rvk values exceeded 100%. 

The stain dilution affected the parameter values. 

The change in the parameter values is insignificant for the surfaces treated with a solvent-

based stain. In some cases, the values decrease. 

For all surfaces, the Rpk parameter values changed the most. 

The change in the parameter values of the stained surfaces was influenced by the presence 

of PVA additives in the waterborne stain. The parameter Rvk values were the least affected. 

A comparative graph of plywood surface profiles, before and after staining with 

concentrated (100%) waterborne stain, concentrated waterborne stain with PVA additive, and 

concentrated soluble-based stain, are presented in Figures 7–9. 

Figure 7: Beech plywood surface profile change as a result of treatment with a waterborne stain 

Figure 8: Beech plywood surface profile change as a result of treatment with a waterborne stain with а PVA 

additive 
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Figure 9: Beech plywood surface profile change as a result of treatment with a solvent-based stain 

CONCLUSION 

The presented research investigates the change in roughness of surfaces of beech wood, 

beech plywood, and beech veneered wood-fibre boards after treatment with waterborne stain, 

waterborne stain with PVA additive, or solvent-based stain. Surface changes after treatment with 

concentrated stain, with thinner only, or with a 50% stain-thinner mixture are presented. The 

arithmetic mean deviation of the assessed profile Ra and material ratio curve parameters, core 

roughness depth Rk, reduced peak height Rpk, and reduced valley depths Rvk were investigated. 

The measurements were carried out with a contact roughness tester Mitutoyo SJ-210 with a 

standard Gaussian filter and an evaluation length ln =15 mm. The results showed that the 

roughness of the surfaces after staining is mainly influenced by their structure, the stain 

formulation, and the type of thinner. 

Significant wood grain raising was found when the surfaces were treated with waterborne 

stains. Profiles were last modified in the area of the Rvk parameter. When stained with a solvent-

based stain, wood grain raising was negligible for the veneered and plywood surfaces. For the 

beech surfaces, the grain raising was less pronounced compared to the surfaces treated with 

waterborne stains. 

For all investigated surfaces, the parameter Rpk changes to the greatest extent. 

For all surfaces, the dilution of the waterborne stains affects the roughness parameter 

values. 

When treating beech and veneered surfaces with thinner alone, the change in parameter 

values was much more significant than when treated with stain (concentrate or diluted). An 

exception was the Rvk parameter. 

Adding PVA resin when beech surfaces and surfaces veneered with beech veneer are 

treated with waterborne stains is recommended. 

The present study can serve to rationalise the staining processes and increase the quality of 

stained beech furniture surfaces. 

REFERENCES 

ATANASOVA K., ANGELSKI D. 2023. Roughness parameters of bio-based coating applied to wood 

surfaces. Acta Facultatis Xylologiae Zvolen, 65(2): 77-87. DOI: 10.17423/afx.2023.65.2.07 

https://ojs.tuzvo.sk/index.php/AFXZ/index.  

https://ojs.tuzvo.sk/index.php/AFXZ/index


62    KRASIMIRA ATANASOVA, DIMITAR ANGELSKI 

 

ATANASOVA K., STANEVA, N., KUTOVA G. 2023. Assessment of the roughness change of beech 

plywood due to priming. Sustainable development, 13 (3): 34–41. ISSN 1314–4138 (print), ISSN 

2367–5454 (online). 

CEN EN 323:1993. Wood–based panels – Determination of density. 

CEN EN 635–2:1995. Plywood – Classification by surface appearance – Part 2: Hardwood. 

EVANS P. 2009. Reducing grain raising during the finishing of wood with water–based coatings. Report. 

University of British Columbia. Vancouver, Canada, 54 pp. 

ISO 4287:1997. Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, 

definitions and surface texture parameters. 

ISO 13565–2:1996. Geometrical Product Specifications (GPS) — Surface texture: Profile method; 

Surfaces having stratified functional properties — Part 2: Height characterisation using the linear 

material ratio curve. 

KAVALOV A., ANGELSKI D. 2014. Furniture technology. Publishing House of Forestry University, 

Sofia, 390 c., ISBN 978–954–332–115–5, (in Bulgarian). 

LANDRY, V., BLANCHET, P., CORMIER, L. M. 2013. Water–based and solvent–based stains: Impact 

on the grain raising in Yellow Birch. BioResources 8(2), 1997–2009. https://bio-

resources.cnr.ncsu.edu//BioRes_08/BioRes_08_2_1997_Landry_BC_Water_Solvent_Stains_Grain

s_Rising_Birch_2991.pdf. 

https://lakove.bg/.  

MAGOSS, E., MOLNÁR, Z., SURI, V. 2019. Еvaluating of wetting–induced effects on the surface stability 

of sanded wood. Wood research 64 (3), 401–410. 

ONEGIN V.I. 2015. Properties of wood taken into account when forming protective and decorative 

coatings of wood and wood materials. News of higher educational institutions. Forest Journal, 6 

(348): 116–127, (in Russian). 

YAKOVLEV A. D. 2020. Chemistry and technology of paint and varnish coatings. St. Petersburg, 

Khimizdat, 448 p., ISBN 978­5­93808­360­8, (in Russian). 

  



UNIVERSITY OF FORESTRY 

FACULTY OF FOREST INDUSTRY 

INNOVATION IN  

WOODWORKING INDUSTRY 

AND ENGINEERING DESIGN 

1/2025 

INNO vol. XIV Sofia 

ISSN 1314-6149 

e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN 

Science Journal 

Vol. 14/ p. 1–104 

Sofia 1/2025 

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) 

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, DSc (Russia) 

Vasiliki Kamperidou (Greece) 

Vesselin Brezin, PhD (Bulgaria) 

Vladimir Koljozov, PhD (Macedonia) 

Zhivko Gochev, PhD (Bulgaria) 

Danijela Domljan, PhD (Croatia) 

George Mantanis, PhD (Greece) 

Hülya Kalaycioğlu, PhD (Turkey) 

Biborka Bartha, PhD (Romania) 

Antonios Papadopoulos, PhD (Greece) 

Luboš Krišták, PhD (Slovakia) 

Muhammad Adly Rahandi Lubis, PhD (Indonesia) 

Widya Fatriasari, PhD (Indonesia) 

Seng Hua Lee, PhD (Malaysia)

EDITORIAL BOARD 

Petar Antov, PhD – Editor in Chief 

Viktor Savov, PhD– Co-editor 

Vassil Jivkov, PhD 

Dimitar Angelski, PhD 

Pavlin Vitchev, PhD 

Galin Milchev, 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/ 



THIS ISSUE CONTAINS PAPERS PRESENTED AT 

TWELFTH INTERNATIONAL SCIENTIFIC AND TECHNICAL 

CONFERENCE  

INNOVATIONS IN FOREST INDUSTRY AND 

ENGINEERING DESIGN INNO 2024 

7 – 9 October, Hotel Imperial Plovdiv, a member of Radisson Individuals, 

Plovdiv, Bulgaria 

ORGANIZED BY FACULTY OF FOREST INDUSTRY, UNIVERSITY OF 

FORESTRY, SOFIA, BULGARIA 



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 1/2025 (27): 5–6 

CONTENTS 

HOW TO FIND RESONANCE WOOD? ................................................................................... 7 

Nikolay Bаrdarov, Nikolai Minkovski 

ANALYSIS OF DIAMETER TAPER IN FIR (ABIES ALBA Mill.) AND SPRUCE 

(PICEA ABIES L.) SAWLOGS FROM 1ST AND 2ND QUALITY CLASS ........................... 13 

Ana Marija Stamenkoska 13 

OPTIMAL PRETREATMENT CONDITIONS OF INDUSTRIAL HEMP RESIDUES 

TO GLUCOSE .......................................................................................................................... 20 

Vencislav Blyahovski, Stoyko Petrin, Ivo Valchev, Vesislava Toteva 

SATURATED WATER STEAM CONSUMPTION STANDARD FOR THE PROCESS 

OF STEAMING BEECH WOOD WHILE ELIMINATING DIFFERENCES IN THE  

COLOR OF SAPWOOD AND FALSE HEARTWOOD .......................................................... 26 

Ladislav Dzurenda 

MACHINES FOR PRIMARY LOG CUTTING: PART II – COMPARATIVE 

ASSESSMENTS AND ANALYSIS ......................................................................................... 36 

Valentin Atanasov 

WOOD-BASED BUILDING MATERIALS WITH A THERMAL ENERGY STORAGE 

FUNCTION ............................................................................................................................... 44 

Meysam Nazari, Mohamed Jebrane, Nasko Terziev 

EFFECT OF STAINING ON THE ROUGHNESS OF BEECH FURNITURE SURFACES .. 53 

Krasimira Atanasova, Dimitar Angelski 

INCORPORATING SOCIAL DESIGN FOR DISABILITY-INCLUSIVE SOCIAL 

ENTREPRENEURSHIP: A CATALYST FOR SOCIETAL TRANSFORMATION .............. 63 

Maria Kitchoukova, Emil Kitchoukov 

PRODUCTION AND TRADE OF WOODEN PRODUCTS IN BULGARIA FOR THE 

PERIOD 2007–2021 – QUANTITATIVE ANALYSIS AND FACTORS OF INFLUENCE .. 72 

Nikolay Neykov, Radostina Popova-Terziyska 

MODELING INNOVATIVE PRODUCTS THROUGH DESIGN THINKING ...................... 80 

Gergana Ivanova Koleva, Diana Ivanova Georgieva 

CHALLENGES IN THE CIRCULAR ECONOMY OF BULGARIA ..................................... 93 

Todor Stoyanov, Nikolay Neykov, Emil Kitchoukov93 

SCIENTIFIC JOURNAL „INNOVATIONS IN WOODWORKING INDUSTRY AND 

ENGINEERING DESIGN“ ..................................................................................................... 102 




