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ABSTRACT • In its wise use, many properties of wood are important. Among these properties, wood abrasion 
resistance (AR) and withdrawal capacity of screws (WCS) are deemed to be relatively signifi cant. It is well know 
that heat treatment changes the resistance features of wooden materials by changing the structural characteristics 
of wood. Within the scope of this study, the effects were investigated of the temperature and duration of heat treat-
ment of Wild Cherry (Cerasus avium (L.) Monench) on its AR and its WCS in the radial direction and tangential 
direction. The test results indicated that weight loss (WL) and thickness reduction (TR) remained almost the same 
in the radial direction specimen, but there was signifi cant TR in the tangential direction specimen. As a result of 
these changes, the abrasion effect of the S-42 abrader diminished based on the increase in the number of cycles. 
However, in both the radial and tangential direction, the WCS decreased to a signifi cantly greater extent in the 
heat-treated specimens than in the control specimens. 

Key words: Heat treatment, ThermoWood, abrasion resistance, withdrawal capacity of screws, Wild Cherry wood

SAŽETAK • Za brojne uporabe drva bitna su mnoga njegova svojstva, a među važnijima su otpornost na ha-
banje (AR) i čvrstoća držanja vijaka (WCS). Dobro je poznato da toplinska obrada drva zbog promjene obilježja 
građe drva mijenja njegova svojstva otpornosti. U sklopu ovog rada istraživani su učinci temperature i trajanja 
toplinske obrade drva divlje trešnje (Cerasus avium (L.) Monench) na njegovu otpornost na habanje i čvrstoću 
držanja vijaka u radijalnome i tangencijalnom smjeru. Rezultati istraživanja pokazali su da se gubitak mase (WL) i 
smanjenje debljine (TR) uzoraka ne pojavljuju u radijalnom smjeru, ali je značajno smanjenje debljine zabilježeno 
u tangencijalnim uzorcima. Kao rezultat tih promjena, učinak abrazije primjenom S-42 abraziva smanjuje se 
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s povećanjem broja ciklusa. Međutim, i u radijalnome i u tangencijalnom smjeru znatno se smanjuje čvrstoća 
držanja vijaka toplinski obrađenih uzoraka u usporedbi s kontrolnim uzorcima.

Ključne riječi: toplinska obrada, ThermoWood, otpornost na habanje, čvrstoća držanja vijaka, drvo divlje trešnje

1  INTRODUCTION
1.  UVOD

Wooden material has certain undesirable features, 
such as the change of dimensional stability, biological 
degradation, and color change, but wooden materials 
are still used extensively in many products. These 
adverse features reduce the lifetime and value of 
wooden material. Currently, it is possible to extend the 
lifetime and increase the value of wooden materials by 
various methods that upgrade the features of the 
materials. Heat treatment of wood is one such method 
(Kocaefe et al., 2008; Gunduz et al., 2008).

ThermoWood is one of the heat treatment methods 
developed in the 1990s by VTT Technical Research 
Centre of Finland. In this method, wooden material is 
heated at a minimum of 190 °C in steam. The Ther-
moWood treatment method enhances the properties of 
wooden material, e.g., the color of the wooden material 
darkens and becomes more stable against the exchange 
of moisture. Moreover, the wooden material gains the 
value of thermal isolation. If a suffi ciently high tem-
perature is used in the treatment, the wooden material 
becomes more resistant to decomposition. However, 
the bending resistance of the wooden material decreases 
(Anonymous, 2003).

From this perspective, the identifi cation of the 
resistance for various kinds of woods treated by the 
ThermoWood method can be signifi cant in determining 
appropriate areas for using the wood. For instance, 
ThermoWood treated wood can be used as a facade 
lining for such areas as saunas, bathrooms, and garden 
furniture (Anonymous, 2003). For use in such areas, 
AR and WCS, as well as the physical and mechanical 
properties of the wood, are taken into consideration. 

The AR, both heat-treated and untreated, wood is 
important for such areas as wooden fl oors, decks, and 
staves. Abrasive forces on wooden materials result in 
various effects. There are various methods and devices 
to measure the resistance of wooden materials to 
abrasion. However, this issue has been studied 
extensively because of certain diffi culties in the 
measurement of the resistance of wooden material to 
abrasion (Berkel, 1970).

Therefore, it is necessary to identify the resistance 
of wooden material to abrasion and classify it for 
related areas of use. Despite these diffi culties, it has 
been possible to predict the abrasion levels of various 
types of wooden materials based on other properties of 
the materials, such as weight loss, volume reduction, 
surface roughness, and energy consumption for a 
defi ned level of abrasion (Brischke et al., 2004).

Abrasion resistance is determined for various 
materials according to weight loss during an abrasion 
test. For example, the Taber Abrasor Method (TAM) 
was developed to determine the abrasion resistance of 

high Pressure-Laminated (HPL) panels (DIN EN 438-2, 
2005). The abrasion resistance of any solid wooden 
material can be measured by this method. Obviously, the 
principle of this testing method is not suitable for testing 
solid wood and thermally treated materials, even if it is 
possible to get board-like specimens of at least 120 x 
120 mm². Additionally, the wastage of sandpaper is very 
high due to plugging (Brischke et al., 2004).

Swaczyna et al. (2011) measured abrasion 
resistance compared to TR and WL with TAM, according 
to PN-EN ISO 5470-1:2001 standards and published the 
results. In the study, they found that TR was 0.17 mm 
and WL was 0.25 g in untreated Cherry Wood.

Taking into consideration the connecting tech-
niques applied on products made of wooden material, it 
seems that similar methods are used in heat-treated and 
untreated wooden material. From this perspective, 
connecting with screws would be better in heat-treated 
materials. A sinker and a tap hole must be prepared on 
hardwood, medium-density fi berboard, and other fragile 
materials. Stainless steel screws and embedding screw 
heads are preferred for outdoor usage and other humid 
conditions. Stove bolts give best connecting-resistance 
results. Self-locking screws can be used without a tap 
hole on ThermoWood (Anonymous, 2003).

Kariz et al. (2013) measured the withdrawal of 
screws in radial direction and tangential direction on 
heat-treated spruce wood at 150, 170, 190, 210, and 
230 °C. The results indicated that there was a greater 
reduction in WCS for thermal modifi cation conditions, 
and they concluded that deformation increased at 
higher temperatures based on the analysis of the images 
of the deformed surface left by the screws. In their 
study, in which they suggested the use of larger 
diameter screws and deeper penetration for connecting 
heat-treated materials, they also recommended that the 
distance between screws be increased to attain 
suffi cient resistance compared with wooden material 
that was not heat-treated. 

Wild Cherry, a valuable wood in the forest products 
industry, is used extensively in cabinet making and 
wood turning. Recently, the use of wild cherry wood has 
grown in popularity in Turkey and surrounding countries 
due to high demand for this species. A relatively small 
amount of research information is available concerning 
Wild Cherry tree ecology, biology, and genetics of 
Turkish forestry resources and increased efforts are 
being encouraged by economic incentives and other 
benefi ts (Eşen et al., 2005). 

Heat treated wooden materials, unlike products 
made available by conventional methods, can be 
evaluated without any protective surface treatment in 
places where the changes of temperature and relative 
humidity are intense or in the areas where contact with 
water is expected. Therefore, the determination of AR 
is of great importance. It is also important to consider 
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the issue of the performance and quantity of fasteners 
for heat treated wood in furniture production for similar 
places. A large number of tree species relative to both 
issues has not been adequately researched. Thus, in this 
study, efforts were made to determine the values of AR 
and WCS in heat treated Wild Cherry Wood. The 
results should fi ll both of the mentioned information 
gaps and form a basis for future studies in this important 
area. In this way, when determining the values of AR 
and WCS, the applicability of the chosen method was 
also evaluated. 

Tests for AR and WCS were performed in radial 
and tangential directions. For the determination of AR, 
both WL and TR were measured in the test samples. 
This study was also focused on the applicability of the 
Taber method. The machine was stopped in the loop of 
0-250 to determine the effect of the S-42 abrader, and, 
after cleaning the piece with a brush, its weight was 
measured, and the test was continued. Depending on 
the results found in the loops of 0-250 and 250-500 in 
TR and WL for AR, the effects of aging of the abrasive 
material were also assessed.  

2  MATERIALS AND METHODS
2.  MATERIJALI I METODE

2.1  Materials
2.1.  Materijali

Five Wild Cherry trees with a breast height 
diameter of 30 to 50 cm were obtained from Duzce 
Forest Enterprises. Trees were chosen according to TS 
4176, 1984 and cut to specimens according to TS 2470, 
1976. Later, the wood was heat treated in accordance 
with the ThemoWood method in the Novawood Factory 
in Gerede/Bolu at 190 and 212 °C for 1 and 2 hr. Five 
variations along with an untreated group were formed, 
i.e., untreated (UT); 190 °C and 1 hr (HT1); 190 °C and 
2 hr (HT2); 212 °C and 1 hr (HT3); and 212 °C and 2 hr 
(HT4). In order to determine AR, specimens with the 
dimensions of 100 x 100 x 10 mm were prepared 
according to TS EN 15185, 2013 and to determine 
WCS, specimens with the dimensions of 50 x 50 x 20 
mm were prepared according to TS EN 320, 1999. 

2.2  Method
2.2.  Metode

The number of test samples was determined 
according to TS EN 15679, 2010. Following the heat 
treatment of 100 specimens, 20 for the radial and 
tangential tests repeated fi ve times, were prepared to be 
used in the AR and WCS tests. Later, the specimens 
prepared for AR and WCS were kept at the temperature 
of 20±2 °C and the relative humidity of 60±5 % until 
their weights became stable.

2.2.1 Determination of abrasion resistance
2.2.1. Određivanje otpornosti na habanje

The AR values of the control and heat treated 
specimens were determined by using a Taber® Rotary 
Abraser 5135. The test specimens were mounted on a 
platform turning on a vertical axis against the sliding 
rotation of two abrading wheels, with one wheel 
rubbing the specimen toward the periphery, and the 
other wheel rubbing inward toward the center. The test 
specimens were abraded using loads of 1000 g. After 
every 250 cycles, the devices were stopped and the 
specimens were weighed, after which the devices 
resumed, and, at 500 cycles, both the weights and 
thicknesses of the specimens were determined. The test 
results were used to calculate the percentages changes 
in WL and TR by equations (1) and (2). S-42 sandpaper 
was used as the abrasive, and it was changed after 
every 500 test cycles.

 (WE-W1)
 WL =  · 100 (1)
 W1

WL = Weight loss (%), W1 = Initial weight (g), WE = 
Final weight (g)

 (TE – T1)
 TD =  · 100,  (2)
 T1

where TD = decrease in thickness (%), T1 = initial 
thickness (mm), and TE = fi nal thickness (mm).

Figs. 1a and b show images of radial and 
tangential specimens after 500 cycles. 

Figure 1 Images of specimens after the experiment: (a) radial specimens; (b) tangential specimens
Slika 1. Fotografi je uzoraka nakon eksperimenta: a) radijalni uzorci, b) tangencijalni uzorci
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2.2.2   Determination of withdrawal capacity of screws
2.2.2. Određivanje čvrstoće držanja vijaka

Specimens used to assess the withdrawal capacity 
of screws were prepared according to TS EN 320, 
1999. In order to determine WCS, specimens with the 
dimensions of 50 x 50 x 20 mm were prepared 
according to TS EN 320. The tests were conducted 
using the Laboratory Testing Machine, IMAL IB600. 
The IB600 has been designed to conduct a series of 
laboratory tests on wood-based samples, particleboard 
samples, MDF, OSB or similar. Simple operations 
enable the operator to programme and perform the tests 
required for board quality control (Anonymous, 2014). 
The machine consists of (Anonymous, 2014): 
- A motorised column capable of highly accurate 

speed control, fi tted with a two-way (push and pull) 
load cell, on which it is possible to mount special 
utensils to perform the individual tests,

- A precision weighing scale,
- A dimensions gauge,
- PC, monitor and printer,
- Utensils for conducting the tests.

Figs. 2a and b show the screw placed in the WCS 
test specimen and the test being conducted, respectively. 

In this experiment, the nominal size of the screw 
was 4.2 x 38 mm, according to TS 432-1 EN ISO 1478, 
and steel screws with a pitch of 1.4 mm were used 
without drilling the wood (Fig. 3).

For the abrasion resistance and withdrawal capacity 
of screws, all multiple comparisons were fi rst subjected to 
an analysis of variance (ANOVA), and signifi cant 
differences between mean values of control and treated 
samples were determined using Duncan’s multiple range 
test. The experimental values obtained were evaluated 
with SPSS 15.0 for Windows Evaluation Version.

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

3.1  Abrasion resistance
3.1.  Otpornost na habanje

Standard deviation (SD), Duncan test results (D), 
and arithmetic mean (M) for WL and TR caused by the 
abrasion in the radial and tangential test samples are 
given in Table 1.

As shown in Table 1, it was found that TR and 
WL did not change; however, UT for both the 0-250 
and the 250-500 loops in the radial test samples 
changed and WL was also greater in the 0-250 loop 
than in the 250-500 loop in all variations. The maxi-
mum WL occurred in UT, whereas the minimum WL 
occurred in the variation of HT4; WL in the HT4 sam-
ples was about 30 % less than in the UT samples. The 
maximum WL in all experimental designs of radial test 
samples occurred in the UT samples. The percentage 
changes in WL that occurred in HT compared to those 
in UT in the total amount of loops of the radial test 
samples are given in Figs. 4a and b.  

Unlike the radial samples, statistically signifi cant 
differences in WL were determined in all groups except 
for HT1 in the 0-250 loop and in all heat treated test 
samples in the 0-250 loop in the tangential test samples. 
WL occurred in the 0-250 loop samples to a greater 
extent than that of the 250-500 loop in all variations of 
tangential surfaces. In the tangential test samples, the 
maximum WL of tangential direction occurred in HT4, 
while the minimum WL occurred in UT. The WL 
changes in the total loop amount that occurred on 
tangential surfaces are given in Fig. 4b. 

Welzbacher et al. (2009) reported that there were no 
difference in resistance to abrasion between beech and 
thermally modifi ed beech timber, whereas a signifi cantly 
higher mass loss by abrasion of thermally modifi ed beech 
timber compared to controls was determined by the 
Shaker test. However, in both cases the abrasion in terms 
of mass loss of thermally modifi ed beech timber was 
signifi cantly lower compared to larch heartwood, which 
represents a commonly used decking material.

The TR values are also shown in Table 1 along 
with the WL results. Accordingly, it was determined 

Figure 2  (a) Preparation of the specimen; (b) conducting the experiment on the IMAL IB600 test device
Slika 2.  a) Priprema uzorka, b) provođenje ispitivanja na uređaju IMAL IB600

Figure 3 Dimensions of screws used in the experiment
Slika 3. Dimenzije vijka rabljenog  u eksperimentu   
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that, although there is no statistically signifi cant 
difference between UT and all heat treated test samples 
in terms of TR in radial test samples, there were 
differences between HT variations and UT in the 
tangential test samples. The variations in thickness that 
occurred in the total loop are shown in Fig. 5. 

Table 1 Weight loss (WL) and thickness reduction (TR) as percent
Tablica 1. Gubitak mase (WL) i smanjenje debljine (TR) izraženo u postocima

Test
samples
↓ Uzorci

WL TR
Radial

radijalno
Tangential

tangencijalno
Radial

radijalno
Tangential

tangencijalno
Cycle → 0-250 250-500 0-250 250-500 0-500

UT
M 0.80 A* 0.36 A 0.50 A 0.23 A 2.02 A 1.53 A
SD 0.24 0.3 0.05 0.03 0.37 0.39

HT1

M 0.55 AB 0.30 A 0.46 A 0.34  B 1.69 A 2.13 AB
SD 0.07 0.05 0.07 0.8 0.55 0.39

HT2

M 0.67 A 0.39 A 0.76 B 0.56 C 1.80 A 2.44 AB
SD 0.02 0.02 0.03 0.06 0.07 1.18

HT3

M 0.59 A 0.37 A 0.75 B 0.63 BC 1.82 A 3.25 B
SD 0.11 0.03 0.09 0.09 0.01 1.03

HT4

M 0.50 A 0.31 A 0.85 B 0.73 D 1.82 A 2.99 B
SD 0.08 0.07 0.17 0.10 0.00 1.24

(*) The letters express the homogeneity groups according to Duncan test results. / Slova označuju homogene grupe prema Duncanovu testu.

Figure 4 (a) Percentage change of WL in the radial samples; (b) Percentage change in the tangential test samples according 
to UT
Slika 4. a) Postotna promjena WL-a radijalnih uzoraka, b) postotna promjena WL-a tangencijalnih uzoraka u odnosu prema 
kontrolnom uzorku

a b

Figure 5 Change of TR on radial and tangential surfaces 
according to UT
Slika 5. Promjena smanjenja debljine radijalnih i tangencia-
jlnih uzoraka u odnosu prema kontrolnom uzorku

According to the results of WL and TR obtained 
from the heat treated Wild Cherry Wood, the following 
can be concluded:
1. In terms of both WL and TR, more abrasion 

occurred in the HT tangential test samples than in 
the UT samples. It is noteworthy that the results of 
HT were lower than those of UT in terms of both 
WL and TR in all loop groups of the radial test 
samples.

2. The abrasion of the I. loop was higher than the 
abrasion of the II. loop in all variations. This 
probably stems from the decrease of the abrasive 
feature of the sandpaper (S-42) depending on the 
increase of the loop. Some decrease in this feature 
of abrasive grains would inevitably occur as the 
number of loops increased. Thus, the abrasive 
etches, but it also puts pressure on the surface and 
compresses the surface as a result of the effect of 
the applied force. 

3.2 Withdrawal capacity of screws
3.2.  Čvrstoća držanja vijaka

Arithmetic mean values of the WCS results, the 
change of WCS according to UT, SD and Duncan test 
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results are given with the density of the test samples in 
Table 2. 

As shown in Table 2, WCS decreases more 
than the UT in both radial direction and tangential 
direction, heat treated. Compared to UT, the highest 
decrease of WCS occurred in HT4, and the lowest 
occurred in the HT1 test samples.

Heat treatment resultes in a decrease in the 
density, and this reduction in density became even 
more pronounced as the duration and the temperature 
of the heat treatment increased. So, a relationship was 
observed between the decrease in density and the 
decrease in WCS. Kariz et al. (2013) and Percin and 
Ayan (2012) outlined that heat treatment affects the 
screws withdrawal capacity of wooden material 
because of various factors, one of which was the 
decrease in density that resulted from heat treatment. 

Fig. 6 shows the effects of heat treatment on 
the withdrawal capacity of screws and the changes in 
wood density.

Fig. 6 shows that the withdrawal capacity of 
screws was compatible with decrease in the density 

during the heat treatment, and the extension of the 
duration of the treatment affected both radial and 
tangential surfaces.

4  CONCLUSIONS
4.  ZAKLJUČAK

1. In heat treated Wild Cherry Wood, weight and 
thickness losses that occurred in 500 loops on the 
radial surfaces were less than the losses on the 
tangential surfaces. Although it is not very important 
for wall and ceiling coverings, it will be suitable to 
use the material primarily with a radial surface if it is 
heat-treated wooden material for fl oor coverings.

2. The differences of weight loss and thickness 
reduction between the 0-250 loop and the 250-500 
loop indicated that careful consideration should be 
given to the applicability of the Taber method. In 
this regard, the loop numbers should be determined 
carefully to obtain objective results. Also, the S-42 
sandpaper should be replaced after completing 
each sample process.

Table 2 Values and change of WCS, density values and variations
Tablica 2. Vrijednosti promjene WCS-a, vrijednosti gustoće i varijacije

Test
samples
Uzorci ↓

Radial surface
Radijalna površina

Tangential surface
Tangencijalna površina

WCS
N/mm2

Reduction
Smanjenje %

Density
kg/m3

WCS
N/mm2

Reduction
Smanjenje %

Density
kg/m3

UT M 16.76 C* - 585 D 15.5 C - 579 C
SD 1.72 - - 0.63 - -

HT1 M 13.18 B 21.3 559 C 15.16 C 2.1 565 BC
SD 1.43 - - 1.33 - -

HT2 M 12.58 B 24.9 558 C 12.71 BC 18.0 546 BC
SD 0.57 - - 2.96 - -

HT3 M 8.40 A 49.8 510 B 10.59 AB 31.6 533 AB
SD 1.02 - - 1.52 - -

HT4 M 8.15A 51.37 469 A 9.26 A 40.2 491 A
SD 1.53 - - 0.7 - -

(*) The letters express the homogeneity groups according to Duncan test results. / Slova označuju homogene grupe prema Duncanovu testu.
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Figure 6 The effects of heat treatment on the withdrawal capacity of screws and changes in density
Slika 6. Utjecaj toplinske obrade drva na čvrstoću držanja vijaka i promjenu gustoće
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3. In practice, both temperature and duration have 
negative effects on the withdrawal capacity of 
screws of heat treated Wild Cherry Wood, but the 
effect of temperature has a greater effect than the 
duration. The withdrawal capacity of screws was 
reduced by 50 % in the trials with fl at head screws 
in heat treated Wild Cherry Wood.
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