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Design and development of appropriate desk and chair for secondary
schools in Ondo State, Nigeria using anthropometric variables

Jacob Mayowa Owoyemi'*(2, Dauda Aliyu'(, Adetunji Akinnuoye?

Abstract

Furniture provision is a major component of teaching and learning facilities in schools
which is usually done without considering the body measurements of users leading to
discomfort for the users. A survey of anthropometric measurements of secondary school
students in Ondo State of Nigeria was carried out alongside the size of existing chairs and
desks in order to determine the level of mismatch. Obtained data were analyzed and the
population of students was grouped into 5th, 25th, 50th, 75th, and 95th percentiles. In Ondo
State, Bio-characteristics of the students showed that the average age of students from JSS 1-
SSS 3 increased from 10 years for JSS 1 to 16 for SSS3 which conformed with the entry and
exit age requirement. Ergonomically compliant furniture was designed with adjustable
features using 36.25 cm as the lower limit point and with the upper limit of 46.85 cm for seat
height while lower limit was 54.46 cm for desk and upper limit having 67.60 cm. With these
measurements, a typical desk and chair was produced by using round pipe and laminated
board. Selection of non-adjustable furniture is both impracticable and unsuitable for a large of
people; hence provision of adjustable compliant furniture was preferred to accommodate the
entire population.

Key words: Anthropometric, Ergonometric, Furniture design, Adjustable desk, Chair

Antropometrik degiskenler kullanilarak Nijerya'nin Ondo eyaletindeki
ortaokullar icin uygun sira ve sandalye tasarimi ve gelistirilmesi

Oz

Mobilya tedariki, okullarda genellikle kullanicilarin viicut Olgiileri dikkate alinmadan
yapilan ve kullanicilar1 rahatsiz eden 6gretim ve 6grenim tesislerinin dnemli bir bilesenidir.
Uyumsuzluk diizeyini belirlemek i¢in Nijerya’nin Ondo eyaletindeki ortaokul 6grencilerinin
antropometrik Ol¢limlerine iligkin bir anket, mevcut sandalye ve siralarin boyutlarina gore
gerceklestirildi. Elde edilen veriler analiz edildi ve 6grenci popiilasyonu 5., 25., 50., 75. ve
95. yizdelik gruplara ayrildi. Ondo eyaletindeki 6grencilerin biyo-6zellikleri, JSS 1-SSS
3'teki Ogrencilerin ortalama yasinin, giris ve ¢ikis yasi gerekliligini kargilayan JSS 1 igin 10
yildan SSS3 i¢in 16’ya ¢iktigin1 gosterdi. Ergonomik uyumlu mobilyalarin alt sinir noktasi
36,25 cm, oturum yiiksekligi iist sinir1 46,85 cm, ¢aligma masas1 alt sinir1 54,46 cm ve tist
siirt 67,60 cm olacak sekilde ayarlanabilir 6zellikte tasarlanmistir. Bu Olgiiler ile yuvarlak
boru ve lamine levha kullanilarak tipik bir masa ve sandalye tretilmistir. Biiylik bir insan
grubu icin ayarlanamayan mobilya se¢imi hem uygulanamaz hem de uygun degildir; bu
nedenle, tiim niifusu barindirmak i¢in ayarlanabilir uyumlu mobilyalarin saglanmasi tercih

edildi.

Anahtar kelimeler: Antropometrik, Ergonometrik, Mobilya Tasarimi, Ayarlanabilir
calisma masasi, Sandalye
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1 Introduction

Students spend much of their time in school and as they mature, they outgrow the
furniture causing discomfort if its type is not adjustable (Salminen, 1984). Sitting position
was found to be the most troublesome posture in connection with low back pain as students
spend most of their period sitting during school hours using furniture that does not match
them well which come with negative effect on their health and listening span. Good
performance of students also depends on the furniture provided and other learning materials
used in the school (URL 1, 2023).

Anthropometric data can be used to design ergonomically compliant furniture for
secondary schools students. Salminen (1984) and Yeast (1997) in their studies had shown that
high rate of back pain and ankle pain may occur among secondary school students and other
ailments in future if poorly designed furniture is used for long period during their
developmental age. Aagaard-Hansen et al., (2001) ascerted that the form of a chair is
comprised of three factors: function, aesthetics and material. Bendix et al., (1985) also
asserted that there are three ways to evaluate a chair: its relation to the body, emblematic or
communicative function and its craft. Knight and Noyes (1999) stated that one of the factors
which influence the design of furniture for school students is appropriateness for body size
which in turn affects the design features for desk and chair.

Specific dimensions have to be taken such as popliteal height, knee height, buttock to
popliteal length and elbow height which are essential in determining the dimension of school
furniture that will fit the student’s general posture while studying in the class. One of the
conditions to support the productivity is to ensure that the work spaces and equipments that
students use conform to the anthropometric and biomechanical characteristics of the user
(Branton, 1969). Anthropometric dimensions vary among nations and ethnic groups and
change over time as populations and their environmental conditions change (Bhat et al.,
2021). Anthropometric data have been adopted in many communities for furniture of school
students design but due to variations in body sizes across geographical zones, it is necessary
to take anthropometric measurements of each population for use as a guide when designing
furniture for schools. Evans et al, (1992) also stated that school children are at risk due to the
wide range of body size, the long sitting posture and the possible adverse development at
prolonged exposure to postural stresses.

Researchers have been making effort to find out the mismatch of school furniture with
secondary school pupils. Several attempts were carried out on how the body sizes of
secondary school pupils fit to furniture in some countries like Vietnamese (Woodson et al.,
1992). However, little information is available on furniture design for pupils in secondary
school of Nigeria.

This study is aimed to develop appropriate desk and chair for secondary schools in
Ondo State in Nigeria with using anthropometric variables.
2 Materials and Method
2.1 Study area

This study was conducted in six selected secondary schools across Ondo State in
Nigeria, with two schools from each of the three geo- political zones of North, Central and
South. (Figure 1).
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Figure 1: Map of Ondo State showing the study area

Purposive sampling technique was adopted for this study. Six secondary schools in the
three geopolitical zones of Owo, Akure and Okitipupa areas in Ondo State Nigeria were
selected, out of which two schools were picked from each Local Government Area (LGA),
and measurements were taken using measuring tape, height meter rule, and anthropometric
data sheet while Sitting-posture Measurement Device (SMD) (Figure 2) was used.

e :

Figure 2. Sitting-posture Measurement Device (Developed by MWP Lab 2015)
2.2 Determination of student body sizes.

The body sizes of each student were taken by using standard anthropometric
measurement techniques based on Parcells et al., (1999) as shown in Figure 3. Both the boys
and girls were considered for the measurement from each class level and measurements were
taken according to the method described by Thariq et al., (2010). Dimensions of students
were taken while seated on a flat horizontal surface, their knees were bent 90°, and their feet
without shoes rested on the horizontal surface. Also, the heights were taken by standing erect
without shoes.
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Figure 3. Anthropometric measurements required for classroom furniture design

According to Parcells et al., (1999): Anthropometric measurements required for classroom
furniture design were as follows:

1. Standing Height (STH) : It is the vertical distance from the footrest to the vertex.

2. Sitting Height (SH): Vertical distance from the tip of the head to the surface of the sitting
object (stool).

3. Sitting Shoulder Height (SSH): Shoulder height refers to the vertical distance from the
subject’s sitting surface to the top of the shoulder at acromion, shoulder is relaxed, with the
upper arm hanging freely.

4. Popliteal Height (PH): Distance taken vertically with 90° knee flexion, from the popliteal

space, which is the posterior surface of the knee or popliteal space.

Hip Breadth (HB): Maximum horizontal distance across the hips in the sitting position.

Sitting Elbow Height (SEH): Vertical distance from underside of the elbow

Buttock Hip Length (BHL)

Buttock-Knee Depth (BKD): Distance measured horizontally from the front of the kneecap

to the back of uncompressed buttock.

9. Thigh Clearance (TC): Distance measured vertically from the stool surface to the highest
point on the top of the right thigh.

10.Eye Height (EH): Eye height refers to the vertical distance from the inner canthus of the
eye to the sitting surface.

11. Shoulder width (SW): Maximum horizontal distance across shoulders in the sitting
position.

12. Sitting Knee Height (SKH): Vertical distance from the top of the knee quadriceps muscles
to the footrest.

N O

2.3 Existing tables and chairs characteristics of selected schools

Dimensions of existing chairs and desks were taken using measuring tables for SH, SW,
DH, UDH and ERH. T-test was carried out to test for comparison with anthropometric
measurements and dimensions of tables and chairs in the six selected schools as reflected in
Figures 4 and 5. The following mismatch criteria were used for this study according to
Motmans, (2006);

1. Seat Height = 0.88(PH+2)<SH<0.95(PH+2) ......cccciiiiiiiiiiiii, eqn (1)
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Panagiotopoulou et al., (2004)

2. Seatdepth (SD)=0.8BPL<SD <0.99BPL..........ccceiviiiiiinnnn.. eqn (2)
Gouvali and Boudolos, (2006)

3. Seatwidth (SW)=HB <SW.. ..o, eqn (3)
Troussier et al., (1994)

4.  Desk height (DH) = SEH <DH <0.8517 SEH + 0.1483SSH............ eqn (4)
Parcells et al., (1999)

5. Under-desk height (UDH) =SKH +2 <UDH............ccoviiiiininn.. eqn (5)

Motmans, (2006)
2.4 Development of appropriate design of desk and chair

The student’s population was grouped into 5th, 25th, 50th, 75th and 95th percentiles
according to BIFMA 2002 procedures, which was used to design appropriate furniture for the
students population. The 5th percentile was used as the lowest limit, while the 95th percentile
was taken for the upper limit for the adjustable mechanism to take care of the entire students’
population.

2.5 Experimental design and data analysis

Randomized Completely Block Design (RCBD) was used for the experimental design.
Analysis of variance was carried out. The collected data were presented with Statistical
Package for the Social Science (SPSS) and Excel Microsoft Software to obtain the descriptive
statistics and analysis of variance (ANOVA). Duncan Multiple Range was used to test for the
significant different at 0.05 level of significance.

3 Results and Discussion
3.1 Bio-characteristics of students in Ondo state secondary schools

In Table 1, the bio-characteristics of the students revealed in Ondo State that the
average entry age for Junior Secondary School one (JSS 1) was 10 years and leave at 16 years
after completing SSS 3. This also showed an increase in height across the class levels. The
height of the human body is a major determinant of other body parts as ascertained by Panero
(1979). All the students across the geopolitical zones of Ondo State carry similar features
hence furniture supply could be generalized for secondary schools in Ondo State. However,
values were higher for male than for female in weight and height this conformed to general
human physiology (Murphy et al., 2007). This is an implication that not one size of furniture
will suit the whole population hence regular review of school furniture sizes is needed to
ascertain its suitability after a period of time.

Table 1. Summary of Bio-characteristics of students in the different GPZ’s and class levels

Sggs?gt;)c%l Gender Ages Weight (kg) Height (cm)
Ondo Central Male 10.30-15.80 37.30-61.20 145.70-164.70
Female 9.70-15.70 38.80-60.20 147.80-163.00
Ondo North Male 10.30-16.40 32.00-60.90 147.80-164.40
Female 10.80-16.10 32.80-57.20 146.80-163.30
Ondo South Male 10.60-16.20 33.20-64.30 147.10-166.00
Female 10.80-16.10 34.10-61.60 147.30-164.70
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The analysis of variance (Table 2) showed that there was no significant difference in
age and gender across the geopolitical zones while there was significant difference among the
class level at 5% probability level. The students’ height and weight were significantly
different for the students’ age and gender across the geopolitical zones.

Table 2. ANOVA for the age, weight and height of students from the different GPZ

Parameter S\?;rri(;?oﬁf Sum of Squares Df Sl\gﬁzpe F P Sig.
LGA 1.906 2 0.953 1.014 0.364 ns
Class Level 1370.956 5 274191  291.89 0 *
Age Gender 0.711 1 0.711 0.757 0.385 ns
Error 329.717 351 0.939
Total 1703.289 359
LGA 2026.667 2 1013.333  49.6 0 *
Class Level 27322.925 5 5464.585 267.47 0 *
Weight Gender 7.225 1 7.225 0.35 0.552 ns
Error 7171.158 351 20.431
Total 36527.975 359
LGA 12.95 2 6.475 0.41 0.667 ns
Class Level 10539.733 5 2107.947 132 0 *
Height Gender 5.378 1 5.378 0.34 0.562 ns
Error 5605.039 351 15.969
Total 16163.1 359

*Values < 0.05 are significant, ns: Not significant
3.2 Anthropometric measurements of Ondo State secondary school students

The summary of the anthropometric measurements of students taken across Ondo State
shown in Figure 4 revealed that in Ondo North, Popliteal height ranges from 40.47 to 40.96,
40.23 to 44.85, 24.92 to 38.53, 65.17 to 70.76 and 55.34 to 58.92 cm 18.77 to 19.78 cm for
PH, BL, BW, SHE+PH, SKH and ERH respectively, the value obtained in Ondo Central
ranges from 40.14 to 42.68, 36.17 to 44.37, 33.01 to 37.22, 68.81 to 70.57, 49.35 to 60.24
and 16.72 to 19.47 cm for PH, BL, BW, SHE+PH, SKH, and ERH respectively. The value
obtained for Ondo South ranges from 39.68 to 43.27, 39.55 to 45.09, 35.99 to 47.88, 66.76 to
60.37,55.43 to 59.64 and 18.37 to 20.01 cm for PH, BL, BW, SHE+PH, SKH and ERH
respectively.

SUMMARY OF THE ANTHROPOMETRIC VARIABLES FROM DIFFERENT GPZ

owo

OKITPUPA

70

60

0 II II II

AKURE

o~
o

w
o

N
o

-
o

®PH(cm) mBL(cm) BW (cm) ®mSKH (cm) = ERH (cm)

Figure 4. Summary of the Anthropometric Variables from Different GPZ
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Anthropometric dimensions for secondary schools students in Ondo state showed
variation in class levels which could be due to increase in body size, for Central and North,
the result showed that there was no significant difference in the PH from JSS 1 to SSS 3
which implies that the students can use the same chair, while in the South, JSS 2 and SSS 2
can use the same chair; JSS 1, JSS 3, SSS 1 and SSS 3 can use the same chair because there
was no significant difference in the PH. The variation in the geopolitical zones for SEH + PH
showed that the same desk cannot be used in the schools. For the Central zone, students can
use the same desk height are JSS 1 and JSS 2, JSS1 and JSS 3, JSS1 and SSS 1, SSS1 and
SSS 2, JSS1, JSS2, SSS1 and SSS 3. For North, all the students from JSS 1 to SSS 3 can use
the same desk height while in South, JSS1, SSS1 and SSS3 can use the same desk height,
JSS2, JSS3 and SSS3 can use the same desk height. From Table 3, it was discovered that
Ondo South has the lowest PH value while Ondo North has the highest PH value among the
GPZ while for SHE + PH, North had the lowest and highest values. Previous studies
explained that body sizes were different (Pheasant, 1996; Thariq et al., 2010 and Bridger,
1995).

The analysis of variance as presented in Table 3 showed that there was no significant
difference in the popliteal height (PH), SEH+PH, SKH and Elbow rest height (ERH) among
the geopolitical zones at 5% probability level. However, there was significant difference in
the class level, except Buttock length (BL) that showed significant difference both in the GPZ
and class level.

Table 3. ANOVA Table for the Anthropometric Variable from GPZs and Class Levels

Variable Somfce_s of Sum of Df Mean F P Sig.
Variation Squares Square
LGA 1.981 2 0.991 0.086 0.918 ns
PH Class Level 137.094 5 27.419 2.382 0.04 *
Error 1979.966 172 11.511
Total 2119.041 179
LGA 94.301 2 47.151 3.148 0.045
BL Class Level 531.972 5 106.394 7.103 0
Error 2576.239 172 14.978
Total 3202.512 179
LGA 1715.09 2 857.545 14.721 0
BW Class Level 982.926 5 196.585 3.375 0.006
Error 10019.251 172 58.251
Total 12717.267 179
LGA 10.34 2 5.17 0.314 0.731 ns
SEH+PH Class Level 205.632 5 41.126 2.497 0.033 *
Error 2832.947 172 16.471
Total 3048.919 179
LGA 47.837 2 23.919 1.377 0.255 ns
SKH Class Level 285.086 5 57.017 3.283 0.007 *
Error 2987.433 172 17.369
Total 3320.356 179
LGA 3.496 2 1.748 0.73 0.483 ns
ERH Class Level 30.989 5 6.198 2.588 0.028 *
Error 411.969 172 2.395
Total 446.454 179

*Values < 0.05 are significant, Where: PH Popliteal Height, BL: Buttock Length, BW: Buttock Width,
SEH+PH: Sitting Elbow Height+ Popliteal Height, SKH: Sitting Knee Height, ERH: Elbow Rest Height
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4.3 Existing desks and chairs assessment

Seat Height, Seat depth, Seat Width, Desk height, Under Desk Height and Elbow Rest
Height were investigated while evaluating the existing school desk and chairs for secondary
schools in Ondo State. Table 4 represents the summary of the mean value for each of the
GPZs. The results from each of the secondary schools show that Ondo Central has the highest
value for seat height, seat width and elbow height which are 45.50+0.52cm, 41.00+0.00cm,
and 69.00£0.00 cm, respectively. Ondo South has the height mean value for seat depth with
44.25+0.78cm while Ondo North has the highest mean value for desk height and under desk
height which are 70.25+026¢cm, and 62.00+£0.00 cm, respectively.

Table 4. Summary of Existing Furniture from GPZs

Furniture Measurement Ondo Central Ondo North Ondo South
Seat Heiaht 455 44,75 44.25
Seat Depth 40.5 415 44.25
Seat Width 41 40.75 39
Desk Height 70 70.25 67.5
Under Desk Height 60.5 62 59
Elbow Height 69 67.5 67.75

Source: Field Work

It was discovered that both desk and chair used by the students from JSS 1 to SSS 3 was
uniform but was not comfortable for students in lower classes because of their height. This
means that school students have to sit on higher chairs and therefore, they are not able to
support their feet on the floor. This situation may lead to increased tissue pressure on the
posterior surface of the knee and consequently may cause serious discomfort or possible
disorder (Agha, 2010). This is similar to the findings reported by Gouvali and Boudolos
(2006) among Greek school children aged between 12 and 18 years who found that 90.3% of
girls and 50% of boys used seats that were too high (Parcells et al., 1999).

Table 5. ANOVA Table for the Existing Furniture Variables from GPZs and Class Levels

Sources of Sum of Mean

Variable Variation Squares Df Square F P Sig.
LGA 9.5 2 4.75 8.061 0.002 *
SH Class Level 0 5 0 0 1 ns
Error 16.5 28 0.589
Total 26 35
LGA 90.5 2 45.25 99.373 0 *
SD Class Level 0 5 0 0 1 ns
Error 12.75 28 0.455
Total 103.25 35
LGA 28.5 2 14.25 31.294 0 *
SW Class Level 0 5 0 0 1 ns
Error 12.75 28 0.455
Total 41.25 35
LGA 55.5 2 27.75 49.333 0 *
DH Class Level 0 5 0 0 1 ns
Error 15.75 28 0.563
Total 71.25 35
LGA 54 2 27 252 0 *
Class Level 0 5 0 0 1 ns
UDH Error 3 28 0.107
Total 57 35
LGA 155 2 7.75 22.256 0 *
ERH Class Level 0 5 0 0 1 ns
Error 9.75 28 0.348
Total 25.25 35

Where: SH: Seat Height, SD: Seat Depth, SW: Seat Width, DH: Desk Height, UDH: Underneath Desk Height,
ERH: Elbow Rest Height. * Values < 0.05 are significant, ns: Not significant
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The analysis of variance (Table 5) showed that for all variables (Seat Height, Seat
Depth, Seat Width, Desk Height, Underneath Desk Height, and Elbow Rest Height), indicate
that there was significant difference among the Geopolitical zones at 5% probability level
while there was no significant difference among the Class levels.

3.3 Level of furniture mismatch

The independent t-test mean comparison of existing furniture and anthropometric
measurements of the selected students from JSS 1 to SSS 3 in Ondo State shown in Table 6
revealed that the mean value for seat height of existing furniture had 44.83 cm while the PH
was 41.54 cm with difference of 3.3 cm, the mean value for seat depth of existing furniture
was 42.08 cm and BL of 41.82 cm. Mean value for seat width of existing furniture was 40.25
cm and BW of 37.81 cm with difference of 2.44cm. The mean value of desk height for
existing furniture was 69.25 cm compared with PH + ERH of 60.64 cm with the difference of
8.61 cm. The mean value for underneath desk height of existing furniture was 60.50 cm and
SKH of 57.54 cm having difference of 2.96 cm. Mean value for elbow rest height of existing
furniture was 18.08 cm compared with the ERH of 19.09 cm. There was no significant
difference between the existing furniture (EF) and anthropometric measurements (AM) for
seat depth while all other variables showed a significant difference between ER and AM as
presented in Table 6. The level of mismatch in the geopolitical zones was moderate for seat
height, seat depth, seat width and underneath desk height while desk height showed a high
level of mismatch. In other words, those students with a desk height mismatch are either
required to lift their arms, which may cause more muscular load, discomfort and pain in the
shoulder area Parcells et al., (1999) or have to bend their trunk forward, a posture which
increases the spinal load. Most previous studies have shown that mismatch cases especially
for younger school children were caused by higher desk height. The frequency of higher
desks has been reported for Greek school children aged between 12 and 18 years (61.1% girls
and 86.1% boys) (Gouvali and Boudolos, 2006), and for younger school children in Hong
Kong (Chung and Wong, 2007), Chile (Castellucci et al., 2010), and in the United States
(Parcells et al., 1999). It is interesting that the mismatch percentages varied between the class
levels and between boys and girls which highlights the variability in student’s body
dimensions. The level of school furniture mismatch is addressed by designing furniture using
the anthropometric measurements which must be recent and appropriate (Aaras, et al., 1997).

Table 6. T-test mean comparison of existing furniture and anthropometric measurements

Parameter Type Value (cm) Mean dif. Std. e. df. T Df Sig.
. E-F 44.83+0.86 .

Seat height AM 41.5443.44 3.29 0.29 11.19 205.49 0.000
E-F 42.08+1.72 N

Seat depth A-M 41.8244.23 0.26 0.43 0.6 133.12 0.547
: E-F 40.25+1.08 .

Seath width AM 37 8148.43 2.44 0.65 3.73 202.79 0.000
. E-F 69.25+1.43 .

Desk height AM 60.64+4.13 8.61 0.39 22.14 161.65 0.000
Underneath E-F 60.50+1.28 .

desk height AM 57 544430 2.95 0.39 7.67 186.67 0.000
Elbow rest E-F 18.08:085 4599 018 26606 9158  0.000*

height A-M 19.09+1.58

Values are Mean+SD; Where: *Significant at (P < 0.001), ns: Not Significant, EF: Existing Furniture
and AM: Anthropometric Measure
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3.4 Design of ergonomically compliant furniture for secondary school using
anthropometry variables

The entire population of secondary school students in Ondo State, Nigeria was
classified into 5th, 25th, 50th, 75th and 95th percentile for all the variables needed to design
furniture for the schools (Table 7). The seat height of 36.26cm (5th percentile) was the lowest
limit while 46.85 cm was the upper limit point. The values of 39.41, 41.2 and 43.22cm were
the middle adjustable points. The same parameters were adopted for DH, UDH, ERH and
SSH. An ergonomically compliant chair and table were designed using inventor professional
and anthropometric mean percentile values for JSS 1-3 and SSS1-3 which ranged from 36.26
to 46.85 cm and 60.64 to 67.60 cm for the chair and table respectively. These formed the
range of adjustment for the design as shown above in figure 4 to 5 of the report. The lower
limit of adjustment for chair and desk is 36.26 and 60.64cm respectively while the highest
limit is 46.85 and 67.60 cm for chair and desk respectively. All the materials used were
readily available while simple hydraulic bending machine was used to prepare the bending of
the square pipe. Figures 5 and 7 showed the pictorial view of the designed secondary school
furniture. The back seat for the chair and desk top / storage compartment were produced from
laminated plywood.
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Figure 5. The front and side view of the developed desk.
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Figure 6. The front and the side view of the developed chair
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Figure 7. Pictorial view of adjustable school furniture using Professional Inventor Software.

The students’ population was grouped using the 5th, 25th, 50th, 75th and 95th
percentiles. The 5th percentile with 36.26 cm for popliteal height was used as the lowest
adjustable point while the 95th percentile with 46.85 cm which is the upper limit was used for
the highest adjustable point for seat height. The 5th percentile for desk height was 54.16 cm
used for the lowest point while the 95th was 67.60 cm which was used for the highest point.
The 5th for the underneath desk height was 51.01 cm used for the lowest point while 95th was
62.50 cm used for the highest point.

Table 7. Design Parameters furniture in Ondo State

) Lower limit 25t 50t 75t Upper limit
Variable ) ) ) ) )
5t Percentile Percentile Percentile Percentile 95t Percentile
SH or SKH 36.26 39.41 41.2 43.22 46.85
DH or SHE+PH 54.16 58.25 60.2 62.93 67.6
UDH or SKH 51.01 55.53 58.11 60 62.5
ERH 16.39 18.39 19 20 21.25
SSH 20.22 24.22 26.22 28.05 32.15

Inventor Professional was used to carry out the design of adjustable furniture (Figures
7). Students carry their desks and chairs around in the course of activities like sport, end of
the year parties etc. which may reduce the life span of the furniture and lead to mix up
especially when rigid furniture is used for each of the class levels. In order to ensure that
students can use any available furniture, an adjustable device was incorporated into the design
to suit any class level as ocassion demands (Pheasant, 1998; Chung, 2007).

4  Conclusion
Arising from the results of the study the following conclusions were reached;

e The level of mismatch between the secondary school students and their furniture
interface was due to the rigid construction of furniture of the same size supplied to
schools without considering variations among the users.
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o Selection of appropriate furniture for a large group of people is both impracticable and
difficult thereby anthropometric measurements which are necessary tools to determine
the range of body size in the population are ruquired to ensure furniture fitness.

e The provision of adjustable furniture would be preferable to accommodate the
population ensuring the safety and physical well-being of the students.

e Therefore, it is essential that secondary schools should be supplied with properly
designed furniture to meet the student’s body size.
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Silindirik yogunlastirmada sivama makarasi kullanimi; masif agacta (Karacam)
yogunlastirilma sonrasi sertlik, parlaklik ve yiizey piiriizliiliigii degisimi
Zafer Kaya1 , Sait Dindar Sofuogluz*

Oz

Agac¢ malzemeler birgok olumlu 6zellige sahip olmasindan dolay1 gegcmisten gliniimiize
her alanda yaygin olarak kullanilmaktadir. Ozelliklerini iyilestirmek, kullanim alanlarinin
yayginlagsmasini ve dogal olan bu malzemenin daha fazla tercih edilmesini saglamaktadir.
Aga¢ malzemenin Ozelliklerinin iyilestirilmesi amaciyla yapilan caligmalardan birisi de
yogunlastirma islemidir. Yogunlastirma islemleri, aga¢c malzemenin fiziksel ve mekaniksel
ozelliklerini iyilestirmek amaciyla kullanilmaktadir. Aga¢ malzemenin yogunlastirilmasi
cesitli metotlar kullanilarak gerceklestirilebilmektedir. Bu calismada silindir seklindeki
tornalanmig karacam (Pinus nigra Arnold) agac tiiriiniin yogunlastirilmasi bu amag i¢in
tasarlanarak 1imalati yapilmis olan sivama makarast kullanilarak torna tezgahinda
gerceklestirilmistir. 0.081, 0.121 ve 0.202 mm/devir ilerleme miktarlarinda, 200 ve 400
devir/dakika devir sayilarinda, 0.5 ve 1 mm yilizey yogunlastirma derinliklerinde
yogunlastirma islemleri gergeklestirilmistir. Yogunlastirma yapilmamis ve ¢esitli
yogunlastirma kosullarinda yiizeyleri yogunlastirilmis silindir seklindeki masif agag
malzemelerde sertlik, parlaklik ve pirizlilik o6lglimleri gergeklestirilmistir. Tiim
yogunlastirma kosullarinda sertlik ve parlaklik degerlerinde artis, piiriizliiliik degerlerinde
(Rz) digme meydana gelmistir. En yiiksek sertlik ve parlaklik degerleri I mm yogunlastirma
derinligi, 200 devir/dakika devir sayist ve 0.121 mm/devir ilerleme miktarinda elde edilmistir.
En diisilk Rz degeri 1 mm yogunlastirma derinligi, 400 devir/dakika devir sayist ve 0.081
mm/devir ilerleme miktarinda elde edilmistir.

Anahtar kelimeler: Parlaklik, piiriizliilik, sertlik, yogunlastirma, stvama makarasi

Use of spinning roller in cylindrical densification; change in hardness, brightness, and
surface roughness in solid wood (Larch) after densification

Abstract

Wooden materials have been widely used in all areas from the past to the present, as
they have many positive properties. Improving its properties enables the usage areas to
become widespread and this natural material to be preferred more. One of the studies carried
out in order to improve the properties of wood material is the densification process.
Densification processes are used to improve the physical and mechanical properties of wood
material. Densification of wood material can be carried out using various methods. In this
study, the intensification of the cylindrical turned larch (Pinus nigra Arnold) tree species was
carried out on a lathe using a spinning roller designed and manufactured for this purpose.
Densification processes were carried out at 0.081, 0.121 and 0.202 mm/rev feed rates, at 200
and 400 rev/min, at 0.5 and 1 mm densification depths. Hardness, gloss and roughness
measurements were carried out on solid wood materials in the form of cylinders, which were
not densified and their surfaces were densified under various densification conditions. An
increase in hardness and brightness values and a decrease in roughness values (Ra and Rz)
occurred under all condensation conditions. The highest hardness and gloss values were
obtained at 1 mm densification depth, 200 rpm rotational speed and 0.121 mm/revolution feed
rate. The lowest Rz value was obtained at 1 mm densification depth, 400 rpm rotational speed
and 0.081 mm/revolution feed rate.

Keywords: Brightness, roughness, hardness, densification, spinning roller
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1 Giris
Yapilan aragtirmalar neticesinde ahsap malzemelerin olumsuz 06zelliklerini ortadan
kaldirmak amaciyla Ahsap Modifikasyon Yontemleri bulunmustur. Ornegin kimyasallarla ve

koruyucularla emprenye islemi, 1s1l islem uygulamalar1 ve yogunlastirma islemleri en cok
kullanilanlardir (Senol ve Budake1, 2016; Senol, 2018).

Aga¢ malzeme oOzelliklerinin yeterli olamadigi durumlardan bazilari; dayaniklilik,
sertlik ve direng istenilen ¢aligma sartlar1 olabilmektedir. Bu durumda yogunlugu artirilmis
aga¢ diger malzemeler i¢in bir secenek haline gelebilir (Homan ve ark., 2000; Blomberg ve
Persson, 2004; Kutnar ve Sernek, 2007; Laine ve ark., 2013; Laine, 2014; Luan ve ark. 2022;
Pelit ve ark., 2014). Yogunluk aga¢ malzemede mekanik 6zelligi etkileyen bir faktordiir
(Blomberg ve Persson, 2004; Jakob ve ark, 2022; Kamke, 2006; Kutnar ve Sernek, 2007; Pelit
ve ark., 2014; Rautkari, 2012; Luan ve ark., 2023). Yogunlastirma iglemi ile aga¢ malzemede
sertlik ve mekanik 6zelliklerde artma meydana geldigi i¢in bu alanda pek ¢ok denemeler ve
arastirmalar bulunmaktadir (Blomberg ve Persson, 2004; Tosun ve Sofuoglu, 2021; Sofuoglu,
2022; Sofuoglu ve ark., 2022; Budake1 ve ark., 2022). Diisiik yogunluklu aga¢ malzemelerde
cesitli yogunluk artirma yontemleri kullanilarak yogunluk artisi saglanabilmektedir
(Blomberg ve ark., 2005; Kutnar ve Sernek, 2007; Pelit ve ark., 2014).

Cevre bilincinin arttig1 son yillarda ¢evreye dost kimyasal icermeyen yogunlagtirma
yontemleri kullanilmaya baslanmistir (Korkut ve Kocaefe, 2009; Senol ve Budakgi, 2016). Bu
yontemlere ornek olarak, Termo-Mekanik olarak bilinen, agik bir sistemde sicaklik ve basing
kullanilarak yogunlastirma ve Termo-Higro-Mekanik olarak isimlendirilen kapali bir sistemde
sicaklik, basin¢ ve buhar kullanilarak yogunlastirma gosterilebilir. Bunlara ek olarak
Viskoelastik-Termal-Sikistirma ismiyle anilan buhar ile 6n yumusatma sonrasi sicaklik ve
basing ile yapilan yogunlastirma ve Termo-Vibro-Mekanik ismiyle anilan sicaklik, basing ve
titresim kullanilarak yapilan yogunlastirma gibi yontemler de vardir (Senol ve Budakei, 2016;
Senol, 2018).

Tornalanmas, silindir seklindeki masif aga¢ malzemeler ingaat, mobilya, alet saplar1 vb.
bircok alanda kullanilmaktadir. Ozellikle diisik yogunluktaki aga¢ malzemeler
kullanildiginda yogunlastirma ile fiziksel ve mekanik 6zelliklerinde iyilestirmeler meydana
gelebilecek ¢esitli iist yiizey islemleri uygulandiginda piiriizliilik, parlaklik ve renk vb.
ozelliklerde kalitede yiikselmeler meydana gelebilecektir. Literatiir incelendiginde agac
malzemenin o6zelliklerini iyilestiren yogunlastirma isleminin, preslerde prizmatik pargalara
uygulandig1 ancak silindir seklindeki masif aga¢ malzemelerin yogunlastirilmasi ile ilgili
caligmalara rastlanilmamustir.

Bu amag dogrultusunda; yapilan calisma ile iilkemizde dogal olarak yetisen ve agag
isleri ve mobilya endiistrisinde siklikla kullanilan karacam agag tiiriinlin cesitli kosullarda
ylizey yogunlastirilmasi yapilmistir. Yogunlastirildiktan sonra kullanim yerleri i¢in énemli
olan yiiksek sertlik ve parlaklik ve diisiik piiriizliiliik degerlerinin belirlenmesi ile silindirik
malzemelerde en uygun yogunlastirma kosullarinin elde edilmesi amaglanmistir.

2  Materyal ve Metot
2.1 Materyal

Calismada, Tirkiye’de dogal olarak yetisen ve genis kullanim alani bulunan, igne
yaprakli agac tiirlerinden karacam (Pinus nigra Arnold) deney materyali olarak kullanilmistir.
Numuneler tomruk halinde Kiitahya’nin Emet il¢esinde yetisen (yas= 40, tomruk ¢ap1:70 cm)
olan agag¢ tliriiniin diri odun kismindan elde edilmistir. Tomruktan kereste haline getirildikten
sonra dogal kurutmaya birakilan numuneler, sonrasinda iklimlendirme dolabinda %12 rutubet
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derecesine ulagsmasi igin % 65 + 5 bagil nemde 20 + 2'C’de agirhg1 degismeyinceye kadar
bekletilmistir.

Yogunlastirma ¢alismalari i¢in tasarlanarak imalati yapilmis sivama makarasinin baski
islevini yerine getiren ana makara eleman: DIN EN AISI 1.0402 C22 — 1020 standardinda
malzemeden iiretilmis ve 1s1l isleme tabi tutularak sertlestirilmistir. Makara, yogunlastirilacak
aga¢c malzemenin tornalama eksenine dik ve yogunlagtirma ekseni yoniindeki olusacak
kuvvetleri karsilayabilecek oOzelliklerde 302/30202-A kod numarasiyla standartlastiriimis
konik makarali rulman kullanilarak yataklanmistir. Uretilen diger montaj parcalar1 ve torna
tezgahinin kalemlik tarafina baglanan prizmatik parga ise yine DIN EN AISI 1.0402 C22 —
1020 standardinda sertlestirilmemis celik malzemeler kullanilarak iiretilmistir. Uretilen

parcalar birlestirilerek bir montaj seti halinde yogunlastirma islemleri i¢in kullanilmistir
(Sekil 1).

SIVAMA MAKARASI

e

KONIK MAKARALI RULMAN
CIVATA

60
28

200

20

/
/

KUGUK KAPAK BUYUK KAPAK DESTEK
PARCASI

KALEMLIK BAGLAMA — |
PRIZMASI

Sekil 1. Sivama makaras1 montaj seti

Yogunlastirma islemleri Kiitahya Dumlupinar Universitesi Simav Teknoloji Fakiiltesi
Makine Miihendisligi Bolim Atdlyesi’nde bulunan TOS GALANTA SUIL 40A torna
tezgahinda gergeklestirilmistir.

2.2 Metot

Deney numuneleri, liniversal torna tezgahinda islemeye uygun hale getirmek ve
klimatize dolabinda bekletilebilmesi i¢in ilk olarak 2x2x30 cm dlgiilerinde kesilmistir. Daha
sonra numuneler torna tezgahinda ortalama 1.9 cm ¢apta silindir hale getirilmistir. Dis ¢ap
tornalama isleminden sonra bir kanal tornalama kalemi ile her bir deney numunesi iizerinde 5
boliimden olusan kademelendirme yapilmistir. Bu kademelendirmelerde parganin ug ve dip
kisimlarinda birer kontrol bolgesi olusturulmus diger iic kademe ise deney parametrelerinin
gerceklestirilecegi boliimler olarak ayarlanmistir. Hazirlanan deney numuneleri 20 + 2°C
sicaklik ve %65 + 5 nisbi rutubette klimatize dolabinda agirlig1 sabit olana kadar 15 giin
boyunca tekrardan bekletilerek yogunlastirma dncesi rutubet miktarinin %12 + 2° ye gelmesi
saglanmistir. Deneylerde yogunlastirma parametreleri ve diizeyleri Cizelge 1’deki gibi
belirlenmis ve deneyler yapilmistir. Calismanin deneysel yontem akis semasi Sekil 2’de
verilmektedir.
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Cizelge 1. Yogunlastirma isleminde isleme parametreleri, diizeyleri ve degerleri

Parametreler Diizey 1 Diizey 2 Diizey 3
[lerleme miktar1 (mm/devir) 0.081 0.121 0.202
Devir sayisi (devir/dakika) 200 400

Yogunlagtirma derinligi (mm) 0.5 1

Iklimlendirme kabininde 12%
rutubete getinlmes:

Numunelerin
hazirlanmasy

Analiz ve degerlendirme
Serthk. parlakhk ve puriizlilik dl¢timlen

Sekil 2. Deneysel yontem akis semasi

Numunelerin yiizey sertliklerinin Ol¢gtimiinde Tronic marka Shore D sertlik 6lgiim
cihazt kullanilmistir. Pandiillii sertlik 6lgme cihazi ve Durometer ile yapilan sertlik
Ol¢iimlerinde yaklasik sonuclar elde edildigi tespit edilmistir ve bu iki metodun ahsap
malzemelerin sertlik Ol¢timlerinde kullanilmalar1 tavsiye edilebilir (Sofuoglu ve Yesil,
2016). Bu yontemde belli kuvvet ile ahsap numuneye batirilan ignenin derinligi dlciilerek
ahsabin goreceli sertlik derecesinin tayini yapilmaktadir. Ucun gerisinde bulunan yay
malzemenin sertligine gore gerilmekte ve yaym gerilmesine bagl olarak ahsabin sertligi
belirlenebilmektedir.

Calismada 60° de Glossmetre kullanilarak parlaklik 6l¢iimleri gerceklestirilmistir.
60°’de hem mat hem parlak yiizeylerde 6l¢iim yapildiginda ¢ok fazla hata yapilmamis sayilir
(Ozen ve Sénmez, 1990). Glossmetrede pencerenin birinden yiizeye 151k gonderilir, diger
alic1 penceresinden yilizeyden yansiyan 1sik alinarak kaydedilir. TS 4318 EN ISO 2813°de
belirtilen esaslara gore Ol¢timler gerceklestirilmistir. Calismada BYK Gardner marka Micro-
TRI-gloss p (Glossmetre) parlaklik 6lgme cihazi kullanilmistir.

Yiizey piiriizliiliikk 6l¢timleri her bir numunede liflere paralel yonde 3 farkli noktadan
elde edilmistir. Yiizey piirtizliilik parametreleri (Ra ve on nokta plriizliiliigii ortalama degeri
Rz) ISO 468 (ISO 1982), ISO 3274 (ISO 2017) ve ISO 4287 (ISO 2015)’ e gore
belirlenmistir. Olgiimlerin gerceklestirilmesinde Time TR200 (Time Group Inc., China)
marka ve model cihaz ile igne taramali yontem kullanilmistir. Ornekleme uzunlugu 0.25 mm
olarak alinmistir. Yiizey piiriizlilik degerleri £0.01 um hassasiyetle 6l¢lilmiistiir. Prob hiz1 10
mm/dk, dl¢iim ignesinin ¢ap1 4 pm ve igne ucu 90° olarak segilmistir. Ol¢iim ortaminin 18-22
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°C civarinda ve titresimsiz olmasina 6zen gosterilmistir. Alet, 6l¢iimden once kalibre edilmis
ve kalibrasyon 10 6l¢iimde bir kontrol edilmistir.

3 Bulgular ve Tartisma

Kontrol ve farkli ilerleme miktari, devir sayisi ve yogunlastirma derinligi kosullarinda
sertlik, parlaklik ve ylizey piirlizliiliigi degerleri Cizelge 2°de verilmistir. Bu gruplara ait
verilere ANOVA yapilmistir. ANOVA sonuglar1 Cizelge 3’te verilmistir.

Cizelge 2. Kontrol ve farkli ilerleme miktari, devir sayist ve yogunlastirma derinligi
kosullarinda sertlik, parlaklik ve yiizey piiriizliiliigii degerleri

Ilerleme . Yogunlagtirma Sertlik (Shore D) Parlaklik (GU)
miktari DeV1.r sayist derinligi
(mm/devir) (devir/dak.) (mm) Kontrol Yogunlastirilmig Kontrol Yogunlastirilmis
0.081 200 0.5 54.83 58.63 2.33 3.57
0.081 200 1 51.25 61.00 2.68 3.67
0.081 400 0.5 50.92 58.43 2.50 2.93
0.081 400 1 48.74 57.88 3.00 3.34
0.121 200 0.5 54.83 61.57 2.33 2.97
0.121 200 1 51.25 68.57 2.68 3.97
0.121 400 0.5 50.92 54.63 2.50 3.23
0.121 400 1 48.74 58.00 3.00 3.33
0.202 200 0.5 54.83 58.89 2.33 2.97
0.202 200 1 51.25 64.75 2.68 3.13
0.202 400 0.5 50.92 55.38 2.50 2.98
0.202 400 1 48.74 58.75 2.85 2.93
Ilerleme . Yogunlagtirma Yiizey Piirtizliligi (um)
. Devir sayisi A =
miktari . derinligi Kontrol Yogunlagtirilmig
(mm/devir) (devir/dak.) (mm)
Ra Rz Ra Rz
0.081 200 0.5 1.760 7.708 1.000 4.850
0.081 200 1 1.729 7.528 1.300 5.355
0.081 400 0.5 1.650 7.196 1.487 6.750
0.081 400 1 1.427 6.697 1.073 4.805
0.121 200 0.5 1.760 7.708 1.500 6.400
0.121 200 1 2.070 7.528 1.833 7.333
0.121 400 0.5 1.650 7.196 1.462 5.690
0.121 400 1 1.489 6.697 1.325 5.283
0.202 200 0.5 1.760 7.708 1.507 6.490
0.202 200 1 1.729 7.528 1.530 7.066
0.202 400 0.5 1.650 7.196 1.333 6.051
0.202 400 1 1.427 6.697 1.112 5.055

Varyans analizi sonuglarina gore sertlik agisindan %95 giiven diizeyinde devir sayisi
(P=0.010<0.05) ve yogunlastirma derinliginin (P=0.041<0.05) etkisi anlamli bulunmustur.
[lerleme miktarinin istatistiki anlamda etkisi bulunmamaktadir. Parlaklik ve yiizey piiriizliiliik
parametreleri igin %95 giiven diizeyinde tiim yogunlastirma faktorleri (P>0.05) anlamli
goziitkmemektedir.
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Cizelge 3. Yogunlastirma islemi sonrasi elde edilen verilerin ANOVA sonuglari

Parametreler Serbestlik ~ Kareler — Kareler F- P-Degeri

Derecesi Toplami  Ortalamas:  Degeri

Deney sonuglar (Sertlik)

Ilerleme miktar1 (mm/devir) 2 6.250 3.125 0.51 0.622
Devir sayisi (devir/dakika) 1 76.710 76.710 12.47 0.010
Yogunlagtirma derinligi (mm) 1 38.235 38.235 6.22 0.041
Hata 7 43.058 6.151
Toplam 11 164.252

Deney sonuglar1 (Parlaklik)
flerleme miktar1 (mm/devir) 2 0.3725 0.18626 2.93 0.119
Devir sayisi (devir/dakika) 1 0.1976 0.19763 3.11 0.121
Yogunlagtirma derinligi (mm) 1 0.2465 0.24653 3.88 0.089
Hata 7 0.4443 0.06347
Toplam 11 1.2610

Deney sonuglari (Ra)
Ilerleme miktar1 (mm/devir) 2 0.19846  0.099230  2.08 0.195
Devir sayis1 (devir/dakika) 1 0.06424  0.064240  1.35 0.284
Yogunlastirma derinligi (mm) 1 0.00112  0.001121 0.02 0.882
Hata 7 0.33389  0.047699
Toplam 11 0.597718
Deney sonuglari (Rz)

Ilerleme miktar1 (mm/devir) 2 1.4252 0.7126 0.88 0.456
Devir sayis1 (devir/dakika) 1 1.2416 1.2416 1.53 0.256
Yogunlagtirma derinligi (mm) 1 0.1483 0.1483 0.18 0.682
Hata 7 5.6697 0.8100
Toplam 11 8.4848

Sertlik

Sertlik (Shore D)

Kontrol ve farkli ilerleme miktari, devir sayis1 ve yogunlastirma derinligi kosullarinda
sertlik sonuglar1 Sekil 3’°te verilmektedir.

70
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200 200 400 400 200 200 400 400 200 200 400 400

0.081 0.081 0.081 0.081 0.121 0.121 0.121 0.121 0.202 0.202 0.202 0.202

Yogunlastirma derinligi (mm), Devir sayis1 (devir/dk), Ilerleme (mm/devir)
m Kontrol = Yogunlastirilmig

Sekil 3. Kontrol ve deney kosullarinda sertlik degerleri
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Sekil 3’e gore tim yogunlastirma kosullarinda yogunlastirma ile sertlik degerlerinde
artts meydana gelmektedir. En yiiksek sertlik degeri 1 mm yogunlastirma derinligi, 200
devir/dakika devir sayis1 ve 0.121 mm/devir ilerleme miktarinda elde edilmistir.

Sekil 4’te yogunlastirma islemi sonrasi ana etki grafigi verilmektedir. Genel olarak
degerlendirildiginde ilerleme miktar1 0.081 mm/devir’ den 0.121 mm/devir’ e arttirildiginda
sertlik miktarinda artma, ancak 0.202 degerine ¢ikarildiginda azalma meydana gelmistir.
Diisiik devir sayilarinda ve yiiksek yogunlastirma miktarinda yiizey sertligi daha yiiksek elde
edilmistir. Literatiire gore masif aga¢ malzemelerde yogunlastirma iglemleri sonrast sertlik
degerlerinde artis meydana gelmektedir (Rautkari ve ark. 2009; Budake1 ve ark., 2016; Senol
ve Budake1, 2016; Laskowska, 2017; Sofuoglu, 2022).

flerleme miktar1 (mm/devir) Devir sayisi (devir/dak)  Yogunlastirma derinligi (mm)
°

61

60

Sertlik (Shore D)

so! o
58 é

5%

0.081 0.121 0.202 200 400 0.5 1.0

Sekil 4. Yogunlastirma islemi sonrasi sertlik sonuclari ana etki grafigi
Parlakhk

Kontrol ve farkli ilerleme miktari, devir sayis1 ve yogunlastirma derinligi kosullarinda
60° parlaklik sonuglart Sekil 5°te verilmektedir. Sekil 5’e¢ gore tiim yogunlastirma
kosullarinda yogunlastirma ile parlaklik degerlerinde artis meydana gelmektedir.

4

0.5

1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1
200 200 400 400 200 200 400 400 200 200 400 400

0.081 0.081 0.081 0.081 0.121 0.121 0.121 0.121 0.202 0.202 0.202 0.202

Yogunlastirma derinligi (mm), Devir sayis1 (devir/dk), ilerleme (mm/devir)
m Kontrol Yogunlastirilmis

Parlaklik (GU)
) w

—_

Sekil 5. Kontrol ve deney kosullarinda parlaklik degerleri
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Ilerleme miktart (mm/devir) Devir sayisi (devir/dak) | Yogunlastirma derinligi (mm)

34 4

~— )

Parlaklik (Gloss unit)

3.1 \ °

3.0 °

0.081 0.121 0.202 200 400 0.5 1.0

Sekil 6. Yogunlastirma islemi sonrasi parlaklik sonuglari ana etki grafigi

Sekil 6’da yogunlastirma iglemi sonrasi parlaklik i¢in ana etki grafigi verilmektedir.
Genel olarak degerlendirildiginde ilerleme miktar1 0.081 mm/devir’ den 0.121 mm/devir’ e
arttirlldiginda parlaklik degerinde fazla bir degisme meydana gelmemis, ancak 0.202 degerine
cikarildiginda ciddi bir azalma meydana gelmistir. Diislik devir sayilarinda ve yliksek
yogunlagtirma miktarinda parlaklik degeri daha yiiksek elde edilmistir.

Yiizey piiriizliiliigi

Ayni deney kosullarinda, yogunlastirma isleminin sonucunda Ra ve Rz piiriizliiliikk
degerleri birbirleriyle benzer egilim gostermektedir. Caligma igerisinde daha fazla alan
kaplamamas1 i¢in yalmizca on nokta piiriizliliigli ortalama degeri olan Rz karsilastirma
grafikleri bu baglik altinda degerlendirilmistir. Sekil 7°de kontrol ve yogunlastirma
sonrasindaki Rz grafikleri goriilmektedir. Kontrol numuneleri ile karsilastirildiginda tiim
yogunlagtirma kosullarinda piiriizliiliik degerlerinde azalma meydana gelmistir. En diisiik Rz
degeri 1 mm yogunlastirma derinliginde, 400 devir/dakika devir sayisinda ve 0.081 mm/devir
ilerlemede meydana gelmistir.

0.5

1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1
200 200 400 400 200 200 400 400 200 200 400 400
0.081 0.081 0.081 0.081 0.121 0.121 0.121 0.121 0.202 0.202 0.202 0.202
Yogunlastirma derinligi (mm), Devir sayis1 (devir/dk), ilerleme (mm/devir)

m Kontrol Yogunlastirilmis

O=NWhk WU J O

Yiizey Piirtizliligi (um)

Sekil 7. Kontrol ve deney kosullarinda Rz piiriizliilik degerleri
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Sekil 8’de Rz i¢in ana etki grafikleri goriilmektedir. Grafikler incelendiginde ilerleme

miktart 0.081 mm/devir’ den 0.121 mm/devir’ e arttirildiginda Rz icin artma meydana
gelmistir. Yiiksek devir sayis1 (400 devir/dakika) ve yogunlastirma miktarinda (1 mm) daha
diistik piirtizliiliik degerleri elde edilmistir. Yogunlugu yiiksek masif aga¢ ve agac kokenli
malzemelerde daha diizgiin yiizeyler elde edildigi literatiirde de belirtilmistir (Kilic ve ark.,
2006; Malkogoglu, 2007; Malkogoglu ve Ozdemir, 2006; Tosun ve Sofuoglu, 2023; Zhong
ve ark., 2013). Yogunlastirilan aga¢ malzemelerde yiizey piiriizliilik degerlerinde diisme
meydana gelmektedir (Pelit ve Arisiit, 2022; Sofuoglu ve ark., 2022). Calismada elde edilen
verilerin literatiir ile uyumlu oldugu goziikmektedir.

A K ] . .
6.3 Ilerleme miktar (mnyv/devir) Devir sayisl (dE\'ll‘f dak) 'Yogunh]s[]rm;] dcrinligi (mm)

R
6.2 \
r——oe

6.1

6.0 / 8

Rz (um)
N
©
A

5.8 ;" I".‘ L J
5.7
5.6 °

5.5

®
54
0.081 0.121 0.202 200 400 0.5 1.0

Sekil 8. Yogunlastirma islemi sonrasi yiizey piirtizliiliigii (Rz) sonuglari ana etki grafigi

4 Sonuclar ve Oneriler

Bu calismada karacam deney materyali olarak kullanilmistir. Torna tezgahinda ¢esitli

yogunlagtirma parametreleri degistirilerek yiizeyler yogunlastirilmis ve elde edilen yiizeyler
degerlendirilmistir. Elde edilen sonuglar asagidaki sekilde 6zetlenebilir.

Tiim yogunlastirma kosullarinda yogunlastirma ile sertlik, parlaklik degerlerinde artis,
piiriizliiliik (Rz) degerinde diisme meydana gelmistir.

En yiiksek sertlik ve parlaklik degeri benzer sekilde 1 mm yogunlastirma derinligi,
200 devir/dakika devir sayis1 ve 0.121 mm/devir ilerleme miktarinda elde edilmistir.
En disiik Rz degeri 1 mm yogunlastirma derinliginde, 400 devir/dakika devir
sayisinda ve 0.081 mm/devir ilerlemede meydana gelmistir.

Sivama makaras1 kullanilarak silindirik masif aga¢ malzemenin yogunlastiriimasinda
yiizey sertliginde ve parlaklikta artis meydana gelmesi ve yiizey piiriizliiliigiinde
tyilesme/diisme elde edilmesi metodun yiizey yogunlastirmada kullanilabilecegini
gostermektedir.

Sivama makaras1 kullanilarak = silindirik masif aga¢c malzemenin yiizeyinin
yogunlastirilmasinda, optimum noktalar ve sonuglar degerlendirilerek en uygun
parametreler kullanilabilir.

Yogunlastirma isleminin olumsuz yonleri (anlik geri esneme, rutubet aliminda ilk
haline donme istegi vb.) g6z Oniine alinarak literatiir destegiyle metot gelistirilebilir.
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Yazar Katkilari

Zafer Kaya: Calisma konusunun belirlenmesi, deneylerin yapilmasi, verilerin elde edilmesi,
verilerin analiz edilmesi, makalenin yazilmasi. Sait Diindar Sofuoglu: Calisma konusunun
belirlenmesi, Deney tasariminin yapilmasi, verilerin analiz edilmesi, makalenin yazilmasi.
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Finansal destek alinmamustir.
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Abstract

In this study, plates were produced from wood added polylactic acid (PLA) based
materials using 3D printers, which is one of the additive manufacturing methods. After
applying mechanical abrasion (sanding), which is one of the surface preparation methods, to
the surfaces of the produced plates, the adhesive bonding process was carried out. Adhesive
joints were made using the additive-free and additive formula of 3 different commercial
adhesives (Araldite 2015, Loctite 9466, and PVA wood glue). In commercial adhesives, 5%
hazelnut shell powder in 45 pum dimensions was added and the bonds were joined by forming
an additive adhesive formula. The obtained joints were subjected to the tensile test and their
mechanical properties were examined. The experiments were repeated for plates cut from
Scotch pine wood (Pinus Sylvestris Lipsky) with the same adhesives and the values found
were compared with the results of the joints made with wood added PLA. With the results
obtained, the strengths of pure (plain) and filled (modified) joints were evaluated. It has been
observed that Loctite 9466 adhesive provides the highest shear strength in joining wood
added PLA and Scotch pine materials with adhesive. The aim of this study is to investigate
the adhesion performance of PLA composites, a high-tech material, when used in the
furniture and wood sector.

Keywords: Additive manufacturing, Adhesive bonding, Mechanical properties, PLA wood,
Scotch pine

Odun katkili PLA malzemelerinin yapisma dayanimlariin incelenmesi

Oz

Bu ¢alismada; eklemeli imalat yontemlerinden biri olan 3B yazicilar kullanilarak ahsap
katkili PLA esasli malzemelerden plakalar {iretilmistir. Uretilen plakalarin yiizeylerine, yiizey
hazirlama yontemlerinden biri olan mekanik asindirma islemi (zimparalama) uygulandiktan
sonra yapistirma islemi gerceklestirilmistir. Yapistirma baglantilari, 3 farkli ticari
yapistiricinin (Araldite 2015, Loctite 9466 ve PVA ahsap tutkal1) katkisiz ve katkili formiilii
kullanilarak yapilmistir. Ticari yapistiricilarin igerisine 45um boyutlarinda %35 oraninda
findik kabugu tozu katilmis ve katkili yapistirict formiilii olusturularak baglantilar
birlestirilmistir. Elde edilen baglantilar, ¢cekme testine tabi tutularak mekanik 6zellikleri
incelenmistir. Deneyler, ayni yapistiricilarla Sarigam agacindan (Pinus Sylvestris Lipsky)
kesilmis plakalar i¢in tekrar edilmis ve bulunan degerler ahsap katkili PLA ile yapilan
baglantilarin sonuglariyla karsilastirilmistir. Ortaya cikan sonuglar ile katkisiz (sade) ve
katkili (modifiye edilmis) baglantilarin dayanimlar1 degerlendirilmistir. Ahsap katkili PLA ve
Saricam malzemelerin yapistirict ile birlestirilmesinde en yiiksek yapisma dayanimini Loctite
9466 yapistirict ile sagladigr goriilmiistiir. Bu ¢aligmanin amaci, yuksek teknoloji Grinu bir
malzeme olan PLA kompozitlerin mobilya ve ahsap sektoriinde kullanilmasi durumunda,
yapisma performansinin incelenmesidir.

Anahtar kelimeler: Ahsap katkili PLA, Eklemeli imalat, Mekanik 6zellikler, Sarigam,
Yapistirma islemi
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1 Introduction

Limited global resources and increasing energy and production costs have led people
towards sustainable consumption. On the one hand, the desire for environmental friendly
production and on the other hand, the expectation of low cost has created a need for
innovative materials. As a result, the production of industrial products using composite
materials, which provide high strength and lightness, is supported. Composites are
categorized as metal, ceramic, and plastic composites based on the matrix material they are
composed of, and they have found various applications in different industries. Composite
materials are produced based on improving material properties to replace traditional materials.
For example, wood-plastic composites, which belong to the group of plastic composite
materials, are more resistant to moisture than solid wood due to the addition of wood
flour/fiber, and they have higher mechanical strength and acoustic properties (Aysal, 2014).
The use of wood-plastic materials, including patents, began in the 1960s and continues to the
present day (Rowell, 2006). In addition, wood-filled PLA filaments, which are wood-plastic
composites, are used as consumables in 3D printers, which are popular additive
manufacturing technologies. As a result, the use of wood-plastic composites has further
increased in recent years. These materials are made by combining plastic and wood in granule
or powdered form at appropriate quantities and temperatures. Wood composites offer
advantages such as cost-effectiveness, ease of access to raw materials, and eco-friendliness
compared to pure plastic materials. Compared to wood, wood composites offer dimensional
stability, a variety of shapes and color options, high strength, low maintenance and repair
requirements, and the ability to be derived from recyclable materials (Rowell et al., 1993;
Chen, 2009; Karakus et al., 2014). Wood materials are the oldest building materials widely
used in various products for both indoor and outdoor spaces (Rasit, 2019). In addition, wood
composites can lead to significant commercial opportunities in the forest products industry.
Because these waste materials (waste wood fibers, wood particles, or wood flour) are used as
reinforcement materials in composite material production. A literature review reveals various
research studies on the production and use of wood-plastic composites. Altuntas and Arikan
(2022) examined the changes in the mechanical, thermal, and morphological properties of
wood-plastic composite materials by adding perlite, which possesses volcanic glass
properties. The experimental results showed that increased perlite content increased flexural
strength, tensile strength, modulus of elasticity, and hardness values.

Bal (2022) produced wood-plastic composite sheets by adding Scotch pine wood flour
in weights of 0%, 10%, 20%, 30%, and 40% with low-density polyethylene. These composite
materials were subjected to various tests. It was noted that as the amount of wood flour in the
composite materials increased, there was an increase in density, flexural strength, and
modulus of elasticity but a decrease in elongation. In their study, Ozmen et al. (2014) aimed
to find an alternative to wood flour by using fibreboard waste flour as an additive in
polypropylene to produce wood-plastic composites. They used fibreboard waste flour in
proportions of 10% to 50%. While an increase in the additive content resulted in a decrease in
tensile and impact strength, it was observed that the elastic modulus and flexural strength of
the composite materials were higher compared to polyolefin-based plastic lumber. When
considering the studies on this subject, it becomes apparent that there is potential for the using
and production of wood-plastic composites instead of wood materials in the forest industry
and furniture sector. It is known that the using of adhesives or mechanical fasteners is quite
common for combining wood and wood-plastic composite materials in the furniture sector.
However, it is claimed that adhesive bonding is the most effective method for connecting the
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joints of furniture and other wood products, and assembly errors are generally attributed to
adhesive errors (Smardzewski, 2002). The adhesive bonding process is applied to achieve a
pleasing appearance, smoother stress distribution, and flat surfaces without the need for
additional mechanical elements. In cases where an aesthetic appearance is desired in joints,
adhesive bonding is often preferred over mechanical joining methods. The adhesive bonding
process involves at least two materials being joined and an adhesive substance. Proper surface
preparation of the parts to be bonded and knowing the value of the applied force on the joint
area after assembly are essential for the seamless operation of these connections in their
intended use. The surface preparation for adhesive bonding does not affect the strength of the
bonded material but will affect the bond strength. Additionally, the adhesive, the parts to be
bonded, and the process parameters will affect the quality of the bonding. Therefore, the bond
strength is expected to vary depending on the selection of an adhesive suitable for the material
group. While adhesives are commonly used in their pure form (without additives) in
conventional applications, adding various fillers in different sizes and types to enhance the
bond strength is also considered an option in academic studies (Valasek and Miiller, 2016;
Nemati Giv et al., 2018; Delzendehrooy et al., 2020; Gongalves et al., 2022; Anag et al., 2022;
Anac and Dogan, 2023). Karaman et al. (2017) examined the effects of adhesive surfaces on
diagonal tensile and compressive strengths for "L" type furniture corner joints using different
types of adhesives such as polyvinyl acetate (PVAc-D4), polyurethane (PU-D4), and epoxy.
The highest tensile strength value was measured in the epoxy adhesive, while the lowest
tensile strength value was recorded in the polyurethane adhesive.

Karaman et al. (2019) conducted a study on the tensile strength of joints made with
polyurethane (PU-D4) and polyvinyl acetate (PVAc-D4) adhesives using ash (Fraxinus
excelsior Lipsky), chestnut (Castanea sativa Mill.), and oak (Quercus petraea Lieble)
timbers. The highest strength was observed in samples prepared with ash dowel and polyvinyl
acetate adhesive, while the lowest strength was found in samples made with chestnut dowel
and polyurethane adhesive.

Another (Percin and Uzun, 2014) conducted a study to examine the bonding strength of
PVAc-D4 adhesive in oriental beech (Fagus orientalis L.), oak (Quercus petraea L.), Scotch
pine (Pinus sylvestris L.), and poplar (Populus nigra L.) woods after applying extended heat
treatment. Esen and Ozcan (2012) evaluated the bonding strength of oak (Quercus petraea L.)
wood samples using polyurethane (PUR), phenol-formaldehyde (FF), melamine-urea-
formaldehyde (MUF), and melamine-formaldehyde (MF) adhesives.

The forestry industry has various types of trees with different characteristics. Factors
such as production/manufacturing location, suitability for mass production, temperature
conditions, appropriate heat treatment, and cost can limit the use of wood in various
applications (Sogitlii and Dongel, 2007). Nowadays, rapidly developing technology has
enabled the use of new materials in furniture and decoration works (Narlioglu, 2021). Thanks
to the production of wood plastic composite products with 3D printers, it is thought that the
traditional wood production process steps will be reduced and will help to conserve raw
material resources.

The aim of this study is to evaluate the bond joint strengths of with and without
additives bond joints made with 3D printed wood-added PLA sheets, and without additives
bond joints made with wood cut from Scotch pine (Pinus sylvestris Lipsky). For this purpose,
the joint strengths are evaluated by using tensile test after the bonding process.
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2 Material and Method

In the conducted study, wood-filled PLA (PLA Wood) and Scotch pine plates were
joined using different adhesives, and their adhesive bonding performances were examined.
Avraldite 2015, Loctite 9466, and PVA wood glue (Adhesive durability class; D3) were used
as adhesives. Additionally, for the bonding of PLA Wood plates, the adhesives were modified
with hazelnut shell powder (5% by weight) to investigate the effect of organic filler. Figure 1
provides the flowchart of the experimental design. The printing of PLA Wood bonding plates
is shown in Figure 1a, while the Scotch pine bonding plates are depicted in Figure 1b. After
the preparation of bonding plates, PLA Wood plates were bonded with three different
adhesives, both with and without additives (plain and 5% hazelnut shell powder), while
Scotch pine plates were bonded without additives (Figure 1c and Figure 1d). Figure le and
Figure 1f show the specimens after bonding. Tensile tests were conducted to evaluate the
bonding strength, and shear strengths were calculated accordingly.

PLA Wood Scotch pine

5% Hazelnut Shell
Powder Additive
Adhesive

Adhesives without
Additives

| ] et
PLA Wood and Scotch E e

pine plates after R 34-5'300--&
bonding —

Figure 1. Flowchart of the adhesive bonding process

2.1. Properties of the materials

This study utilized PLA wood filament and Scotch pine (Pinus sylvestris Lipsky).
Scotch pine is preferred in the woodworking industry due to its abundant availability within
the country's borders and its suitability for outdoor applications in various environmental
conditions (Keskin and Bulbil, 2019; Keskin and Taner, 2019). The Scotch pine bonding
plates were cut into the desired dimensions (25x100x4 mm) and then dried in an oven at 60
°C for 24 hours to remove moisture. PLA material is one of the most commonly used
filaments in 3D printing due to its ease of printing, suitability for producing detailed products,
and not require a heated bed. Additionally, PLA is biodegradable and a non-toxic
thermoplastic that is safe for human health and environmentally friendly, as it contains no
harmful substances (Kyutoku et al., 2019; Mahir and Erdogdu, 2020). Carbon fiber, wood
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fibers, and other fillers can also impart different properties to PLA. PLA Wood is a composite
PLA material reinforced with 30% wood fibers/wood powder (Ayrilmis et al., 2019). PLA
Wood is preferred in architectural models, household products, and aesthetically desired items
due to its wood-like appearance and texture. Compared to PLA, PLA Wood offers higher
temperature resistance and a matte wood finish. The mechanical and technical properties of
PLA Wood are provided in Table 1.

Table 1. Mechanical and technical properties of PLA Wood (Filameon)

Diameter (mm) 1.75
Brand Filameon
Color Light brown
Tensile Strength (MPa) 47
Melting Point (°C) 200-225
Density (g/cmq) 1.13

2.2.  Preparation of samples

In the study, a 1.75 mm diameter PLA Wood filament was printed using an Ender 3 S1
printer, which operates on fused deposition modeling principles. The prints were made with
100% infill, a nozzle temperature of 220 °C, a bed temperature of 65 °C, a printing speed of
50 mm/s, and XYZ printing direction. The printing parameters directly affect the mechanical
properties of the product. Therefore, to determine the mechanical properties of PLA Wood
plates, a tensile bar (Figure 2a) according to ASTM D 638 (2022) standards and 25x100x1.5
mm plates for adhesive bonds (Figure 2b) were printed. Solid models were created using the
commercial software solidworks, and the necessary codes for the Ender 3 S1 were generated
using Ultimaker Cura software.

Figure 2. Tensile specimens and bonding plates dimensions (mm)

2.3.  Adhesive bonding process

The schematic view of the single lap joint is given in Figure 3. For the examination of
the adhesive bonding properties of PLA Wood and Scotch pine, three different commercial
adhesives (Araldite 2015, Loctite 9466, and PVA wood glue) were used in both unmodified
and with hazelnut shell powder-modified, and the bonding was achieved by clamping with
metal clips. The experimental design is presented in Table 2. Before the adhesive bonding
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process in PLA Wood plates, the surfaces were roughened using silicon carbide (240 SiC)
sandpaper to enhance the low surface energy of the plastic-based material. In all plates,
sanding was performed perpendicular and horizontally to the part axis in the bonding area.
The sanding process covered the entire bonding surface. After the sanding process, the
surfaces were cleaned with air to remove dust, the bonding process was carried out, and the
bonding area was secured with metal clips and left to cure at room temperature for 24 hours
according to the manufacturer's recommendation.

100 -

12.5

2

Figure 3. Single lap joint (mm)

Table 2. PLA Wood and Scotch pine bonding experimental design

Material Adhesive Additives Igrer;aa(;gtion %:;g;pression
Araldite 2015 No additives

PLA Wood Loctite 9466 No additives
PVA Wood Glue No additives
Araldite 2015 5% Hazelnut Shell Powder

PLA Wood Loctite 9466 5% Hazelnut Shell Powder 240 SiC Metal Clips
PVA Wood Glue 5% Hazelnut Shell Powder
Araldite 2015 No additives

Scotch pine Loctite 9466 No additives
PVA Wood Glue No additives

Araldite 2015 is a versatile, room temperature-curing, high-strength paste adhesive that
IS a two-component epoxy-based adhesive. It is widely used for adhesive bonding various
materials, including carbon fiber and glass fiber composites, as well as different surfaces. It
also offers high corrosion resistance. Loctite EA 9466 is a reinforced 2K-epoxy adhesive with
high strength and a long working time, suitable for bonding metals, ceramics, and most
plastics. The mechanical properties of Araldite 2015 and Loctite 9466 adhesives are provided
in Table 3. On the other hand, PVA wood glue is a single-component adhesive that is water-
resistant and suitable for bonding wood. It exhibits high elasticity and provides high strength
with normal clamping pressure.
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Table 3. Araldite 2015 and Loctite 9466 adhesive mechanical properties

Araldite 2015 Loctite 9466
(Huntsman) (Henkel)

Elasticity modulus(MPa) 1850 1718
Tensile strength (MPa) 21.6 32
Poisson's ratio 0.33 0.33
Yield strength (MPa) 12.6

Elongation (%) 4.2 3
Hardness (Shore D) - 60

They were placed in a drying oven at 120 °C to remove moisture from hazelnut shells
for 6 hours. Afterward, they were ground using a ring mill. The obtained powder was then
passed through sieve sets to classify it into different particle sizes, and 45 pum powder was
obtained to be added to the adhesive. The stages of obtaining hazelnut shell powder are shown
in Figure 4.

Hazelnut shell Drying process Grinding process  Sieving process 45 pm hazelnut powder

Figure 4. Hazelnut powder grinding process sequence

2.4.  Determination of mechanical properties

The prepared tensile specimens ASTM D 638 (2022) and adhesive bonding plates were
tested using a WDW-5 model universal testing machine with a capacity of 5 kN at a
crosshead speed of 2 mm/min and at room temperature. The experiments were conducted with
5 repetitions, and the averages were taken. Surface images were captured after the tensile test
to determine the type of damage in the bonding joints.

A LOYKA D-type Shore hardness durometer was used for hardness measurements of
PLA Wood, and measurements were performed per ASTM D2240 (2021) standard. Hardness
measurements were conducted with 5 repetitions, and the averages were taken. Lastly,
mechanical surface preparation was performed using 240 SiC sandpaper before adhesive
bonding. Surface roughness values of the materials before and after surface preparation were
measured and evaluated using a Mitutoyo SJ-301 Profilometer.

3. Results and Discussion
3.1. Mechanical properties of materials
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The highest tensile strength (47.49 MPa) was obtained from the samples prepared
according to the defined experimental parameters of Scotch pine. In comparison, the lower
tensile strength (12.40 MPa) was observed in the PLA Wood with wood additive (Figure 5).

50.00 47.49
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

Tensile Strength (MPa)

B PLA Wood B Scotch pine

Figure 5. Average tensile strength values of test specimens

The surface roughness values measured before and after surface preparation in the
bonding area for the adhesive process are given in Table 4. Due to the natural (organic) nature
of Scotch pine wood material, the surface roughness is higher than that of the PLA Wood
plates. Scotch pine has fibrous structures, and the surfaces have been sanded to make them
smoother and flatter. Additionally, after sanding, the roughness values of both materials were
found to be similar to each other.

Table 4. Surface roughness measurement values (Ra)

PLA Wood Scotch pine
Before sanding (um) 3.10 4.27
After sanding (um) 1.01 1.85

The hardness measurements of PLA Wood plates were conducted, and an average value
of 71.6 Shore D was obtained. On the other hand, the hardness value of Scotch pine wood was
obtained from the literature. The Brinell hardness values for Scotch pine samples were
determined as 3.338 kp/mm? parallel to the grains, 1.772 kp/mm? perpendicular to the grains,
and 1.519 kp/mm? in the radial direction (Ulusoy et al., 2017).

3.2.Adhesive bonded joint strengths

Figure 6 presents the shear strengths of adhesive joints made with three different
adhesives for wood-filled PLA plates, both with and without additives. As observed in Figure
6, the highest strength was obtained with Loctite 9466, while the lowest strength was
measured in the joints using additive PVA glue. The addition of powder resulted in a decrease
in the bonding strength for all three adhesives. The amount of strength reduction varied
slightly from the strength value of the corresponding adhesive without additives.
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Figure 6. Variation of shear strength of PLA Wood joints according to adhesive type

Figure 7 illustrates the shear strengths of adhesive joints made with three different
adhesives for Scotch pine. The highest shear strength of 11.677 MPa was achieved with
Loctite 9466, while the lowest shear strength was measured in the joints using PVA glue. In
the case of Scotch pine wood materials, the adhesives were used without any additives.
However, the strength was lower when testing the adhesive joints with wood-filled PLA
material and additives. Therefore, no powder additives were used to bond pine wood
materials.

Scotch Pine
14.0 11._(_377

g 12.0 | 9.442
2 100 1 _
< 1 Loctite 9466
o 8.0 .
S Araldite 2015
= 60 4.201
] : ® PVA Wood Glue
5 4.0
2
5 20

0.0

Figure 7. Shear strength of Scotch pine joints according to adhesive type

3.3.Joint fracture surfaces

Figure 8 shows the fracture surfaces of adhesive joints made with PLA Wood and pine
wood materials. In the case of PLA Wood materials, fracture occurred in the primary material
(adherend) in adhesive joints using pure Araldite 2015 and Loctite 9466 adhesives, while
adhesive failure was observed in joints using pure PVA wood glue. In the powder-added
bonding process of PLA Wood materials, the rupture occurred at the bonding zone in Loctite
9466, at the base material in Araldite 2015, and at the bonding (interface) surface in joints
using PVA wood glue.

Regarding Scotch pine material, the fracture patterns slightly differed but generally
involved detachment from the overlap region. In Loctite 9466, a fracture occurred in the
primary material (adherend) close to the overlap region, combining adhesive and adherend
(substract) failures; for PVA wood glue, predominantly adhesive failures were observed.
Araldite 2015 exhibited mostly adhesive failures upon visual examination.
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PLA Wood- Araldite 2015- no additives PLA Wood- Loctite 9466- no additives

PLA Wood- PVA wood glue - no additives

PLA Wood- Loctite 9466-5% Hazelnut Shell Powder

Scotch pine wood- Loctite 9466- no additives

Scotch pine wood- Araldite 2015- no additives

Figure 8. Rupture surfaces of bonded joint after tensile test
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4. Conclusions

According to the data obtained at the end of the laboratory studies; the following results

can be said;

e It is evident that Scotch pine material is strengthen than wood-filled PLA. However,
considering the cost-strength balance, wood-filled PLA material can be preferred.

e Both wood-filled PLA and Scotch pine wood materials exhibited better adhesion
properties with Loctite 9466 adhesive compared to the other two adhesives.

e The addition of powder filler to the adhesive in the bonding process of wood-filled
PLA material was found to reduce the bond strength.

o Despite its low strength, the affordability of PVA woodworking glue provides an
advantage in applications where high strength is not required.

e Although it is seen that wood plastic composite materials need to be developed in
many ways, the limited resources of wood materials and the ease of producing small
and complex parts and geometric patterns in 3D printing suggest that these materials
have the potential to be used more.
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Palo Santo odununda baz yiizey ozellikleri ve shore D sertlik degeri
Uzerine 200°C’de 1s1l islemin etKisi

Umit Ayata*

0Oz

Ahgaba farkli yontemler kullanilarak yapilan 1s1l islem ile renk ve parlaklik
Ozelliklerinin degistigi bilinmektedir. Bu ¢alismada, 200°C’de 3 saat siire ile Palo Santo
(Bulnesia sarmientoi Lorenz ex Griseb.) ahsabina uygulanmis 1s1l islem ile meydana gelen
baz1 yiizey ozellikleri [liflere (/) paralel ve (1) dik yonde beyazlik indeksi degeri, renk (Aa*,
AL*, L*, Ab*, b*, AC*, a*, C*, AE* ve h°), parlaklik (20°, 60° ve 85°’de (//) liflere paralel ve
(L) dik) ] ve shore D sertlik degeri incelenmistir. Cok degiskenli varyans analizi sonuglari
biitlin testler lizerinde anlamli bulunmustur. L* (%37.87), a* (%91.60), b* (%70.24) ve C*
(%71.34) parametreleri, beyazlik indeksi degerleri (L igin %57.38 ve|| icin %81.60), shore D
sertlik degeri (%7.32) 1s1l islem ile azalmistir. h° agis1 %15.63 oraninda artmigtir. Parlaklik
degerleri L ve || icin 20°°de azalirken, ayni yonler i¢in 60°’de artmigtir. Buna ek olarak; AL*:
-19.73, AH*: 2.02, Ab*: -15.07, AC*: -16.01, Aa*: -5.77 ve AE*: 25.49 olarak bulunmustur.

e

Isil islem ile ahsaba ait ylizey 6zelliklerinin degistigi goriilmiistiir.

Anahtar kelimeler: Isil islem Palo Santo, Bulnesia sarmientoi Lorenz ex Griseb.,
parlaklik, renk, shore D sertlik,

The effect of heat treatment at 200°C on some surface properties and shore
D hardness value of Palo Santo wood

Abstract

It is known that the color and glossiness, properties change with the heat treatment
applied to the wood using different methods. In this study, some surface properties [whiteness
index value in (//) parallel and (L) perpendicular directions to fibers, color (Aa*, AL*, L*,
Ab*, b*, AC*, a*, C*, AE*, and h°), glossiness ((//) parallel and (L) perpendicular to fibers at
20°, 60°, and 85°)] and shore D hardness that occur after heat treatment applied to Palo Santo
(Bulnesia sarmientoi Lorenz ex Griseb.) wood at 200°C for 3 h were investigated.
Multivariate analysis of variance results was found to be significant on all tests. L* (37.87%),
a* (91.60%), b* (70.24%) and C* (71.34%) parameters, whiteness index values (57.38% for
1 and 81.60% for || ), shore D hardness value (% 7.32) decreased by heat treatment. ho angle
increased by 15.63%. While the luminance values decreased at 20° for L and |, it increased at
60° for the same directions. In addition; AL*: -19.73, AH*: 2.02, Ab*: -15.07, AC*: -16.01,
Aa*: -5.77, and AE*: 25.49. It has been observed that the surface properties of wood have
changed with heat treatment.

Keywords: Heat treatment, Palo Santo, Bulnesia sarmientoi Lorenz ex Griseb., glossiness,
colour, shore D hardness,
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1. Giris

Ahsabin, mobilya {iretimi ve bina insaatlar1 gibi ¢cok genis bir uygulama yelpazesi i¢in
her yerde bulunan ve vazge¢ilmez bir malzeme olmasi nedeniyle, malzeme 6zelliklerinin
iyilestirilmesi ve dmriiniin uzatilmasi bilim insanlari i¢in uzun yillardir ugrasi haline gelmistir
(Mitani ve Barboutis, 2014). Ahsap 1s1l isleme tabi tutuldugunda, kimyasal, fiziksel ve
mekanik 6zellikler kalic1 degisikliklere ugramaktadir (Esteves ve Pereira, 2009).

Literatirde farkli ahsap turlerine ¢esitli metotlar kullanilarak 1s1l islem g¢aligsmalarinin
yapildig1 bildirilmistir. Ornegin: yalanci akasya (Robinia pseudoacacia) i¢in 120°C’de 24 saat
(Yao ve ark., 2012), Avrupa kayin1 (Fagus sylvatica L.) icin 180°C’de 2, 4, 6, 8 ve 10 saat
(Mitani ve Barboutis, 2014), Cin kavagi agik mor ¢icekli (Paulownia tomentosa) icin 160,
180, 200 ve 220°C’de 2 saat (Hidayat ve ark., 2017), Avrupa kaymi (Fagus sylvatica L.) i¢in
200°C’de 2.5 saat (Timar ve ark., 2016). Bu calismalarda, yapilan 1s1l islem sonrasi renk
Ozellikleri de arastirilmistir.

Palo Santo (Bulnesia sarmientoi Lorenz ex Griseb.), yari kurak Chaco bdlgesinin
endemik bir agacidir. Arjantin, Paraguay, Bolivya ve daha az oOlgiide Brezilya’da bulunur
(Waller ve ark., 2012). Bu agag, Arjantin ve Paraguay’daki Chaco bolgesine endemik bir
bitkidir. Guaiacum cinsinin “lignum vitae” agaglarina benzerligi nedeniyle yaygin olarak
“Palo Santo” veya Paraguay “lignum vitae” olarak bilinir (Mabberley, 1997). 8-25 m
yiiksekliginde, seyrek, dar tacli, tepesi yuvarlak, dallar1 yiikselen, bogum aralar1 2-3 cm,
bogumlari halkali geniglemis bir agactir. Govde diiz, kisa, bazen nerviirlii, gégiiste ¢ap1 30-70
cm, dis kabuk kahverengi, piiriizlii ve sigilli, gdvde boyunca diizensiz aga¢ govdesi olusturan
diizensiz s1g catlaklar; i¢ kabuk regineli, sarimsi renkte ve minik turuncu graniillerdir (Lopez
ve ark., 1987). Tiir, yaklasik 20 yasinda yetiskinlige ulasir (Brack ve Weik, 1994). Tohumlar
otokori ve anemochoria ile dagilir ve meyve ve tohum {iretimi bol olmasina ragmen ¢imlenme
orani diigliktlir (Lopez ve ark., 1987). Tohumlar, en iyi olgunlasir olgunlasmaz giinesli bir
yerde fidanlik tohum yataginda veya kaplarda ekilir. Cimlenme oranlart normalde diisiiktiir ve
3-4 haftada gergeklesir. Lifleri arasinda kalsiyum oksalat ve recine kristalleri bulunur ve
maruz kaldiginda bile son derece dayaniklidir (Lorenzi, 2002). Kaliteli yakacak odun ve odun
komiiri saglar. Duman kokuludur ve ¢ok yogun bir aga¢ olmasmna ragmen kolayca
tutusmaktadir. Yerliler; borular, havanlar ve baltalar gibi ¢ok sayida ahsap gerecler yaparlar.
Ahsabi, kaliteli sanat ve el sanatlarinin yan1 sira tornacilik, parke, mobilya, ¢er¢eve (Richter
ve Dallwitz, 2000), bur¢ imalatinda (Lorenzi, 2002) ve yakacak odun (Scarpa, 2000; Rondina
ve ark., 2008) gibi cesitli alanlarda yaygin olarak kullamilmaktadir. Oz oduna ait talas
tizerinde buharla ekstraksiyon yontemiyle, yesilimsi sar1 renkte, mikemmel sabitleme
Ozelliklerine ve hos bir aromaya sahip “guaiacum” olarak bilinen ucgucu bir yag cikarilir
(Surburg ve Panten, 2006).

Ana ihracat¢is1 Paraguay olmak tizere, agirlikli olarak Avrupa’ya ihra¢ edilmektedir.
Parfiimlii sabunlarda, kozmetik iiretiminde yardimci madde olarak, dogal sabitleyici olarak
kullanilir. Cilt hastaliklar1 i¢in iyilestirici faydalarina eklenen hafif aromasi, mantar dnleyici,
kene ve bakterisit etkisi, onu ¢ok degerli bir {iriin haline getirmistir (Salvat ve ark., 2004;
Nabais, 2008; Mereles ve Pérez de Molas, 2008; Castillo ve ark., 2012; Rodilla ve ark., 2011).
Yag, yaklasik olarak eriyen sari ila yesilimsi yar1 kati bir maddedir. 40-50°C yumusak giil
benzeri bir kokuya sahiptir ve bu nedenle giil yag1 i¢in katki maddesi olarak kullanilmistir
(Guenther, 1944). Bu tiiriin ekstrakti, cilt yaralanmasi durumlarinda iyilestirici 6zellikleri
nedeniyle Chaco halki tarafindan c¢ok kullamlmistir. Kabugun kaynatilmasi mide
hastaliklarina kars1 kullanilir (Richter ve Dallwitz, 2000). Bu bitki, anti-romatizmal 6zellikleri
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ve romatizmal ve kas agrilari, eklem romatizmasi ve artrit, gut ve siyatik tedavisinde
kullanilan bir kan temizleyici olarak bilinmektedir. Idrar soktiiricii ve kami armdiricy,
toksinleri yok etmektedir, dolasimi kolaylastirir, atardamarlarin elastikiyetini geri kazandirir
ve kan basincini diizenlemektedir (Scarpa, 2004).

Bu agag tiirline daha once herhangi bir metotla 1s1l islem yapilmadig literatiirde
gorilmistiir. Bu nedenle, bu galismanin amact, 200°C’de 3 saat siire ile 1s1l islem uygulanmig
Palo Santo odununun bazi yiizey 6zelliklerinde olusan degisiklikleri incelenmektir.

2. Materyal ve Metot
2.1. Materyal

Calismada, Palo Santo (Bulnesia sarmientoi Lorenz ex Griseb.) ahsap malzemesi
kullanilmistir. Deney numuneleri satin alma yéntemi ile bir keresteciden elde edilmistir. Daha
sonra, malzemeler icin iklimlendirme (20+2°C ve %65 bagil nem) islemleri yapilmigtir (ISO
554, 1976).

2.2. Metot
2.2.1. Isil islem uygulamasi

Isil islem i¢in hazirlanmis olan deney ornekleri 200°C’°de 3 saat siire 1s1l isleme tabi
tutulmustur.

2.2.2. Testler

Kontrol ve 1s1l islemli malzemeler tizerinde parlaklik testleri (ISO 2813, 1994), beyazlik
indeksi (ASTM E313-15el, 2015), shore D sertlik (ASTM D 2240, 2010) ve renk ozellikleri
(ASTM D 2244-3, 2007) belirlenmistir. Asagida verilen formiillerle toplam renk farliliklart
hesaplanmistir. Cizelge 1’de AE* renk farkinin gorsel degerlendirmesi (DIN 5033, 1979)
gosterilmektedir.

Cizelge 1. AE* farkinin gorsel degerlendirmesi (DIN 5033, 1979)

Gorsel renk puam farki Toplam renk farki (AE*)

Cok gucli >12.0

Guglu 6.0ila12.0

Cok belirgin 3.0ila6.0

Belirgin 1.5ila3.0

Zayif 05ilal5

Cok zayif 0.2ila0.5

Algilanamaz <0.2

’«‘\

®
e s‘reo—'-

= / \ I V ~

Sekil 1. A: Renk 6l¢iim cihazi, B: parlakhk Olclim cihazi, C: sertlik cihazi, D: beyazlik cihazi

Testlerde kullanilan cihazlar Sekil 1’de verilmistir. Bu cihazlarin 6zellikleri su
sekildedir: Renk cihazi aydinlatma sistemi: 8/d (8°/daginik aydinlatma), CIE 10° standart
gozlemci; CIE D65 1sik kaynagi, (CS-10 - CHN Spec, Cin), parlaklik 6l¢tim cihazi: ETB-
0833 model gloss meter (20°, 60° ve 85° - liflere dik ve paralel), sertlik cihazi: shore D ve
beyazlik indeksi 6l¢iim cihazi: Whiteness Meter BDY-1.
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Testlerde yapilan Olglimler igin yapilan hesaplamalarda kullanilan formiiller (1-8)
asagida verilmistir.

h® = arctan (b* / a*) =
C = (@) + (b*)71° o
AC* = (C*i§lem gormiis ~ C*islem giirmemi$) (3)
Aa* = (a*islem gormils = 8~ islem g(jrmemi$) (4)
AL* = (L™iglem gormiis = L ¥islem gérmemi§) ®)
Ab* = (b*islem gOrmiis ~ b*islem g(jrmemi$) (6)
AH* = [(AE*)? - (AL*)? - (AC*)4%® (0
AE* = [(AL*)? + (Aa*)? + (Ab*)?]°® ®

2.3. istatistiksel Analiz

Bir SPSS programi ile homojenlik gruplari, standart sapmalar, varyasyon katsayilari,
maksimum ve minimum sonuglar1 ve ortalama sonuglari hesaplanmistir. BUtin testlerden
30’ar 6l¢iim alinmistir.

3. Bulgular ve Tartisma

Renk, parlaklik degerleri, beyazlik indeksi ve shore D sertlik ozelliklerine ait
belirlenmis olan ¢ok degiskenli varyans analizi sonuglar1 Cizelge 2’de verilmistir. Sonuglara
gore, biitiin testler igin 1s1l islem faktorii anlamli olduklar: tespit edilmistir.

Renk parametrelerine, parlaklik degerlerine, beyazlik indeksi degerlerine ve shore D
sertlik degerine ait olan veriler Cizelge 3’de gosterilmistir. Bu verilere gore, 200°C’de 3 saat
stire ile yapilan 1s1l islem ile ahsap malzemede liflere paralel (%81.60) ve dik (%57.38)
beyazlik indeksi degerleri, shore D sertlik degeri (%7.32), 20° ve 85%lerde liflere paralel
(9%52.38 ve %74.71) ve dik (%52.38 ve %11.32) parlaklik degerleri, 60°°de degerleri ile L*
(%37.87), b* (%70.24), a* (%91.60), C* (%71.34) parametreleri azalirken, 60°’de liflere
paralel (%39.36) ve dik (%11.20) parlaklik degerleri ile h° agis1 (%15.63) degerleri artmistir
(Cizelge 3). L*’deki degisiklik, maruz kalma esnasinda ahsap numunenin yuzeyinin daha
parlak veya daha koyu hale gelmesi ile ilgilidir (Peng ve ark., 2014). Salca ve ark., (2016), L*
degerlerindeki azalmanin 1s1l islem sirasinda hemiseliilozlarin bozunmas: ile ilgili oldugunu
bildirmistir. Isitilan numunelerin b* degerlerindeki artis kismen soluk sar1 olan (Hiltunen ve
ark., 2006) ve 1sil islem sirasinda olusan diisiik molekiiler agirlikli fenolik maddelerden
kaynaklanmig olabilir (Yao ve ark., 2012). Isil islem ile parlaklik derecelerinde degisikliklerin
oldugu goriilmiistiir. 20°°de L ve || parlakliklar azalirken, 60°’de artis géstermistir.

Cizelge 2. Cok degiskenli varyans analizi sonuglari

Degiskenler Kareler Toplam Ortalama Kare F Degeri 0<0.05’e gore anlamh
Istklilik (L*) degeri 5200.566 5200.566 6316.262 0.000*
Kirmizi (a*) renk tonu degeri 446.137 446.137 2871.655 0.000*
Sar1 (b*) renk tonu degeri 3121.642 3121.642 17564.616 0.000*
Kroma (C¥) degeri 3489.810 3489.810 15477.592 0.000*
Ton (h°) agis1 degeri 1996.766 1996.766 830.289 0.000*
120%de parlaklik degeri 0.171 0.171 530.286 0.000*
160°de parlaklik degeri 1.121 1121 55.873 0.000*
185%de parlaklik degeri 7.921 7.921 31.246 0.000*
20%de parlaklik degeri 0.171 0.171 530.286 0.000*
60°de parlaklik degeri 14.603 14.603 382.660 0.000*
85 de parlaklik degeri 293.046 293.046 1003.148 0.000*
Beyazlik indeksi (L) degeri 413.438 413.438 5676.487 0.000*
Beyazlik indeksi (||) degeri 344.641 344,641 5169.610 0.000*
Shore D sertlik degeri 375.000 375.000 326.577 0.000*
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Cizelge 3. Yapilan biitiin testlere ait sonuglar
Orta- Degisim Standart G Varyasyon Mini- Maksi-

Test islem N

lama (%) Sapma Katsayis1 _ mum__ mum
N e N T O S 1 5
Kimmiz (&) renk ton Miemi 20 080 V0 02 Be  asde o015 0o
San &%) renk ton Miemi 20 611 9% 04 B go 543 678
comachag ML B AS g g8 2% 19z
CCTTRRIR L IS <l ST B
T N N RO A
ERTITREI N SR T s
EREIIPNRI N CRTE O
Powpmnis UL B 08w 0% AL zm o om o
607 de partaie deger Migemi 20 347 9% 015 ar  4m 280 360
857 e parakik deer Miseni 30 1035 1747 0sz A+ 600 780 1140
Beyash ndeks (1) Migemi 20 300 7% 0l e e a0 a1
Beyart ndeks (1) Migemi 20 100 S0 0o ge e 100 120
Shore D Sertlik (HD) Kontrol 30 68.30 17.32 1.02 A* 1.50 66.00 69.00

Isil iglemli 30 63.30 112 B** 1.77 62.00 65.00
*: En yiiksek deger, **: En diisiik deger, HG: Homojenlik Grubu, N: Ol¢iim Sayisi,

Cizelge 4’de toplam renk farkliliklari ile ilgili sonuglar verilmistir. Sonuglara gore, Aa*:
-5.77, AL*: -19.73, Ab*: -15.07, AH*: 2.02, AC*: -16.01 ve AE*: 25.49 olarak belirlenmistir.
Bu caligmada elde edilen AE* sonuclari ile DIN 5033, (1979)’de belirtilmis olan renk
degistirme kriterleri ile karsilagtirildiginda “gok gucli” kriterini verdigi goriilmektedir
(Cizelge 4). Literatiirde 1s1l islem ile ahgabin renginin degistigi bildirilmistir (Ulay ve Ayata,
2023a;b; Mitani ve Barboutis, 2014; Yao ve ark., 2012; Ayata ve ark., 2018; Hidayat ve ark.,
2017; Ayata, 2020; 2021; 2022). Isil islem gormiis numunelerin toplam renk farkliliklari
belirgin sekilde artar ve 1siya maruz kaldiginda ligninin kimyasal degisimlerinde suyun varlig
¢ok Onemli bir rol oynamaktadir (Yao ve ark., 2012). Isil islem ile beyazlik indeksi
degerlerinin azaldigr Ulay ve Ayata, (2023a;b) tarafindan ve shore D sertlik degerlerinin
azaldig1 Ayata ve Bal, (2021), Tirk ve Ayata, (2021) tarafindan yapilan ¢alismalarda da
bildirilmistir. Isil islem gormiis ahsabin ana sinirlamalarindan biri, mekanik mukavemetin
azalmasidir (Esteves ve Pereira, 2009). Mukavemet kaybinin nedeni, yiiksek sicakliklarda
yasanan hemiseliilozlardaki degisikliklerden kaynaklanmaktadir (Hillis, 1984).

Cizelge 4. Toplam renk farkliliklari i¢in hesaplanmis olan sonuglari

Isil islem Renk degistirme kriterleri 200°C’de 3 saat . . . . . .
Oncesi (DIN 5033, 1979) siire ile 1s1l islem sonrasi AL Ad AD AC AH™ AE
AE* Degeri Gozlem
AE* > 12 Sonucu » -19.73 -5.77 -15.07 -16.01 2.02 25.49

4. Sonuglar ve Oneriler
Bu ¢alismada elde edilen verilere gore;

e (ok degiskenli varyans analizi sonuglar1 biitiin testler izerinde anlamli ¢ikmustir.
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e Beyazlik indeksi degerleri, L*, a*, b* ve C* parametreleri ile shore D sertlik degeri
11l islem etkisi ile azalmustir.

e h°agisi1s1l iglem ile artmustir.

e 20%de L ve || parlaklik degerleri azalirken, ayn1 yonler i¢in 60°’de artmistir.

Palo Santo ahsabina 1sil islem uygulamasi sonunda su bazli dis mekan verniklerinin
uygulanmasi ve yaslandirma performansina ait 6zelliklerinin arastirilmasi dnerilmektedir.

Yazar Katkilan
Umit Ayata: Arastirma fikrinin olusturulmasi, laboratuvar ¢alismasinin yapilmasi, makalenin
yazilmasi, 6l¢ciim verilerinin alinmasi, istatistiksel islemlerin yapilmasi.

Finansal destek beyani
Yazar bu ¢alisma i¢in finansal destek beyan etmemistir.

Cikar catismasi
Yazar ¢ikar ¢atismasi beyan etmemistir.
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Determination of the relationship between static and dynamic modulus of
elasticity in beech wood

Emre Birinci*

Abstract

In this study, the relationship between the dynamic modulus of elasticity determined
using the stress wave method, which is one of the non-destructive test methods, and the static
modulus of elasticity determined according to the TS ISO 13061-2 (2021) standard was
investigated. In this context, randomly selected beech (Fagus orientalis Lipsky) timbers of
12x13x110 cm3 in dimensions were used. The time of flight of the timber in the radial and
longitudinal directions was determined by using a FAKOPP microsecond timer with an
accuracy of 1 us. Oven-dry densities of the beech timbers were determined according to the
TS ISO 13061-2 (2021) standard. Firstly, stress wave velocity and then dynamic modulus of
elasticity values were calculated with the obtained data. The beech timbers were then cut into
20x20x320 mm dimensions for the static modulus of elasticity tests. Static modulus of
elasticity resistance tests of the specimens were carried out in a Shimadzu AGIC/20/50KN
universal test machine according to the TS ISO 13061-4 (2021) standard. Linear regression
analyses of static and dynamic modulus of elasticity results were performed. According to the
results of the analyses, it was determined that there is a strong relationship between the static
and dynamic modulus of elasticity.

Keywords: Non-destructive tests, Stress-wave, Beech, Modulus of elasticity, Microsecond
timer

Kayin odununda statik ile dinamik elastikiyet modiilii arasindaki iliskinin

belirlenmesi

Oz

Bu c¢alismada, tahribatsiz test yontemlerinden birisi olan stres dalga yontemi
kullanilarak belirlenen dinamik elastikiyet modili ile TS ISO 13061-2 (2021) standardina
gore belirlenen statik elastikiyet modilu arasindaki iligski incelenmistir. Bu kapsamda rastgele
secilmis 12x13x110 cm?® boyutlarindaki kaym (Fagus orientalis Lipsky) keresteler
kullanilmistir. Kerestelerin radyal ve boyuna yondeki ugus siireleri, 1 ps hassasiyetteki
FAKOPP marka mikro saniye zamanlayici kullanilarak belirlenmistir. Kayin kerestelerin tam
kuru yogunluklar1 TS ISO 13061-2 (2021) standardina gore belirlenmistir. Elde edilen veriler
ile Oncelikle stres dalga hizi ve daha sonra dinamik elastikiyet modiilii degerleri
hesaplanmistir. Kayin keresteler daha sonra statik elastikiyet modulu testlerinin
yuratulebilmesi igin 20x20x320 mm boyutlarina getirilmistir. Numunelerin statik elastikiyet
modull direnci testleri Shimadzu AGIC/20/50KN Universal test cihazinda TS ISO 13061-4
(2021) standardina gore gerceklestirilmistir. Statik ve dinamik elastikiyet modiilii sonug¢larinin
lineer regresyon analizleri yapilmistir. Analiz sonuglarina gore statik ve dinamik elastikiyet
modiilii arasinda gii¢lii bir iligki oldugu tespit edilmistir.

Anahtar kelimeler: Tahribatsiz test teknikleri, Stres dalgasi, Kaym, Elastikiyet moduli,
Mikrosaniye zamanlayici
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1 Introduction

Wood is one of the traditional building materials used for various purposes since the
earliest ages of human history. The mechanical properties of the heterogeneous and
anisotropic wood material in different cutting directions vary depending on many factors such
as wood species, wood density, anatomical structure, growing conditions, moisture content of
the wood, growth defects, presence of rot, etc. Due to the large number of factors affecting the
mechanical properties of wood material, the determination of the mechanical properties of
wood material is not as practical as the determination of the mechanical properties of other
homogeneous building materials. Especially in wood materials, due to the prevalence of
growth defects, knots, fungal rot, and insect damage, small size perfect specimens conforming
to the standards are traditionally used in laboratory conditions for the determination of
mechanical properties. In addition to obtaining more reliable results with a low standard
deviation, mechanical tests performed in laboratory conditions with small sized perfect
specimens have disadvantages such as time loss and material loss. On the other hand, it is not
possible to understand the resistance losses that will be caused by the defects of the large-
sized wood material at the place of use (Bozkurt, 1986; Bozkurt and Géker, 1987; Diindar and
Divos, 2014; igel and Beram, 2016).

Destructive test methods are generally used to determine the mechanical properties of
wood materials. With the use of destructive test methods, fracture and/or deformation occur in
the wood material. In this case, the wood material cannot be reused and is lost. Due to these
disadvantages, non-destructive test methods have been developed as an alternative to
destructive test methods (Gorgiin and Diindar, 2016, 2018).

Non-destructive testing methods emerged with the development of instrumentation
techniques in the 20" century. In some studies conducted in the 1960s, dynamic test results
were determined by using the vibration method for non-destructive testing of structural
timbers. By using non-destructive testing methods, information can be obtained about the
physical and mechanical properties of the wood material, the growth defects it contains, the
physical and biological damages it suffers, etc. without damaging the material. Non-
destructive testing methods used in wood are generally classified as mechanical, acoustic,
electromagnetic, and nuclear techniques (Bucur, 2003; Hoyle, 1961; igel and Beram, 2016;
Niemz, 2008; Pellerin, 1965; Ross and Pellerin, 1994; Senft et al., 1962; Tanasoiu et al.,
2002).

The most widely used non-destructive test method is the acoustic evaluation method.
With the stress wave method, which is one of the acoustic evaluation methods, the evaluation
of the mechanical properties of industrial products and building timber can be carried out very
quickly and easily (Dackermann et al., 2014; Divos, 2000; Divos et al., 2011; Dundar and
Divos, 2014; Dindar et al.,2012; Diindar et al., 2013).

The aim of this study is to examine the relationship between the dynamic modulus of
elasticity (MOEdyn) determined by the stress wave method, which is one of the non-
destructive test methods, and the static modulus of elasticity (MOEstc) determined according
to the TS ISO 13061-2 (2021) standard.

2 Material and Methods
2.1 Material
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Beech (Fagus orientalis Lipsky) timbers obtained from Kastamonu/Turkey were used
in this study. Five timbers were randomly selected from the 12x13x110 cm? timbers produced
from beech sapwood. The timbers were carefully inspected to make sure they had no growing
problems, knots, etc. The obtained timber was conditioned at 65+5% relative humidity and
20+2°C temperature. After conditioning, the moisture content of the timbers was measured
with a moisture meter with a precision of 0.1 g and found to be 13.4%, 12.7%, 12.6%, 13.2%,
and 12.9%, respectively.

2.2 Methods

Within the scope of the study, firstly, the MOEgyn values of beech timbers were
determined by the stress-wave method. FAKOPP microsecond timer device with a sensitivity
of 1 us was used in the measurements. The microsecond timer basically measures the velocity
of the sound wave (time of flight) sent into the material between the sensors. Defects such as
rot, knots, etc. that may be present in the material reduce this speed.

Time of flight measurements were performed in longitudinal and radial directions for
all timber groups. Figure 1 shows representative images of the tests performed on beech
timber. The sensors were carefully positioned to face each other throughout the tests.
Measurements were made at 10 different points randomly selected from each cutting
direction. The average flight time values were recorded by hitting three times to the red-
coloured sensor with a 100 g hammer at each point. After the measurements, the stress wave
velocities of beech timbers were calculated according to Equation 1.

9 = 2 x 10000 (1)

Where; 9 is stress wave velocity (m/s); [ is distance between sensors (cm); t is time of
flight (us).

Figure 1. Determination of time of flight on beech timber

After the time of flight measurements were performed on the timbers, separate density
and MOEg test specimens were prepared from each of the timbers numbered 1, 2, 3, 4, and 5.
Density samples were prepared according to the TS ISO 13061-2 (2021) standard with
dimensions of 20x20x30 mm?3. The prepared test specimens were dried in a laboratory type
oven at 103+2 °C until they reached constant weight. After drying, they were allowed to cool
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for 30 minutes in a desiccator containing phosphorus pentoxide. The dimensions of the
density samples were measured using a Mitutoyo digital micrometer with an accuracy of
0.001 mm and the weights were measured using a balance with an accuracy of 0.001 g. The
oven-dry densities of beech samples were calculated according to Equation 2. MOEgyn values
of beech timbers were calculated according to Equation 3 using the oven-dry densities and
stress wave velocities of beech timbers.

w

Po= 7 (2
Where; p, is oven-dry density (g/cmq); w is oven-dry weight (g); v is volume (cmd).
192
MOE gy, = ﬁ 3

Where; MOE,,,, is dynamic modulus of elasticity (N/mm?); 9 is stress wave velocity
(m/s); p is oven-dry density (g/cmq).

MOEs. test specimens were prepared with dimensions of 20x20x320 mm. The tests
were carried out on a Shimadzu AGIC/20/50KN universal testing machine according to the
TS I1SO 13061-4 (2021) standard (Figure 2). In order to carry out the tests, the distance
between the abutments is set to 280 mm. MOEs was calculated according to Equation 4.

PxI3

MOEwe = oy ey @

Where; MOE,,. is the modulus of elasticity (N/mm?), P is a force equal to the
difference between the arithmetic mean of the lower and upper limits of loading in the zone of
elastic deformation (N), [ is the distance between abutments (mm), b is the width of the test
sample perpendicular to the annual rings (mm), h is the width of the test specimen tangential
to the annual rings (mm) and f is the deflection in the net bending area, the difference
between the arithmetic means of the results for deflections measured at the upper and lower
limits of loading (mm).

Figure 2. Static modulus of elasticity test (a); test samples (b, c)
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3 Results and Discussion

The results of the oven-dry density tests performed on the test specimens taken
separately from each beech timber within the scope of the study are given in Table 1. The
mean oven-dry density values of each timber were calculated and it was found that there was
no significant difference between the mean values. It was determined that the oven-dry
density of the beech timbers used in the study was 0.615 g/cm?.

Table 1. Oven-dry density of beech timbers

Timber Number Density (g/cm®)

0.617+0.008
0.613+0.003
0.621+0.011
0.611+0.005

5 0.612+0.007
General Mean 0.615+0.004

A OWN -

Time of flight measurements of beech timbers in radial and longitudinal directions were
performed and stress wave velocity values were calculated according to Equation 1 (Table 2).
When the results were analyzed, it was found that the stress wave velocities of beech timbers
were between 1669-1698 m/s in the radial direction and 4807-4883 m/s in the longitudinal
direction.

Table 2. Descriptive statistics

Timber Stress Wave Velocity (m/s) MOEyn MOEs

Number Radial Direction Longitudinal Direction (N/mm?) (N/mm?)
1 1680+37* 488378 14666472 10724+610
2 1675+33 4823129 14309+173 10353+616
3 1698+27 480720 14213+119 10741+897
4 1682+22 4817127 14268+158 10715716
5 1669136 4836152 14381+312 10495+870

*Standard deviation

According to the studies in the literature, it is stated that the stress wave velocity values
of a solid wood material should be in the range of 1000-1500 m/s in the radial direction and
3500-5000 m/s in the longitudinal direction (Dackermann et al., 2014; White & Ross, 2014).
On the other hand, in the manual of the FAKOPP microsecond timer device used in time of
flight measurements, it is stated that the mean stress wave velocity in the radial direction for
beech species (Fagus sylvatica) is 1650 m/s (FAKOPP, 2022). It is understood that the results
obtained in this study are compatible with the literature.

MOEgyn values of beech timbers were calculated according to Equation 3. It was
determined that the mean MOEgyn values varied between 14213-14666 N/mm?. On the other
hand, the average MOEsc values determined by using small-size perfect specimens were
found to be between 10353-10741 N/mm?. As in many studies, MOEgyn values were higher
than MOEst values in this study (Guntekin et al., 2014; Teles et al., 2011). There was
approximately 26% difference between the MOEayn and MOEs. values. This difference is
thought to be due to the creep that occurs during the performance of the MOEs test (Divos
and Toshinari, 2005; Perstorper, 1994; Tanaka et al., 1991).

51



Birinci, Furniture and Wooden Material Research Journal, 6 (1), 47-54

In order to question the effectiveness of determining mechanical properties by stress
wave method, the data obtained by non-destructive test methods were compared with the
results obtained by destructive test methods.

Table 3. Regression analysis results.

Timber Number p - value R? Model
1 0.0002 0.8388 y =7072.35 + 0.70x
2 0.0149 0.5441 y =12163.39 + 0.20x
3 0.0003 0.8149 y =12923.32 + 0.12x
4 0.0032 0.6834 y =12312.46 + 0.18x
5 0.0004 0.8087 y =10991.48 + 0.32x

The p, R? values and regression models obtained for each timber by regression analysis
in the comparisons are given in Table 3. It is seen that the p value is less than 0.05 for all
timbers. On the other hand, R? values vary between 0.54 and 0.83. This shows that there is a
strong relationship between MOEgyn and MOEs values for each beech timber.

The regression graph, p, R? values, and regression model obtained when MOEgyn and
MOEs values obtained from all timbers are evaluated together are shown in Figure 3.
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Figure 3. Relationship of static and dynamic modulus of elasticity.

Figure 3 shows that there is a relationship between MOEgy, and MOEs values. The
most appropriate linear regression line passing through the points was obtained as "y =
11516.09+0.27x". At the same time, the R? value of the model was found to be 0.4040.
According to all these results, it can be said that if MOEgyn increases by one unit, MOEst will
increase by 0.27 units.

4  Conclusions

As a result of this study, in which the relationship between MOEgyn obtained by using
the stress wave method, one of the non-destructive test methods, and MOEsc obtained by
using destructive test methods in beech wood was examined, the following can be said:
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e As a result of the destructive and non-destructive tests, it was found that there was a
strong correlation between MOEst and MOEqgyn.

e When the data obtained from all beech timbers were evaluated together, according to
the linear regression analysis, it was determined that if MOEgyn increased by one unit,
MOEstc would increase by 0.27 units.

e By proving the existence of the relationship between MOEsc and MOEgyn and
modelling this relationship with regression analysis, reliable predictions of the
mechanical properties of structural beech timber by the stress wave method can be
achieved.

e It is recommended that the relationship between MOEgy, measured in planted trees and
MOEgyn measured after the same trees become timber should be modelled.
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Kastamonu’da bulunan tarihi ahsap yapilarin ¢ati sistemlerinin
incelenmesi

Ismail Derda Giiler**""", Onder Tor?

0Oz

Bu calismanin amaci, Kastamonu ilinde varligini koruyan tarihi ahsap yapilarin
Ozellikle catilariin goriiniis, tasarim ve karakteristik 6zellikleri hakkinda bilgi verilerek ¢ati
formu c¢izimleri ile sehrin mimari kimliginin olusmasindaki etkisini incelemektir. Bu
kapsamda, Kastamonu ilinin merkezinde bulunan mimari nitelikteki 26 adet tarihi konagin
ahsap cati1 kisimlar1 incelenmistir. Yapilarin ¢atilar1 incelendiginde; iki, ii¢ ve dort ylizeye
sahip kirma, hagvari sekiz yiizeye sahip kirma, fenerli kirma catilarin bulundugu ve
tamaminin geometrik formuna gore oturtma c¢ati Ozelliginde olup asik, mertek, payanda,
gogiisleme, dikme gibi cati elemanlarinda diiz ve lambali birlestirme uygulandigi tespit
edilmistir. Cikma, sacak siislemeleri, cihanniima gibi karakteristik 6zelliklerin 6n plana ¢iktig1
gozlemlenmistir. Sehirde mevcut bulunan tarihi yapilardan ayricalikli nitelige sahip bir adet
hagvari ¢ati tipinde konak, bir adet kule ¢at1 tipinde konak da ¢aligmada yer almistir. Sonug
olarak Kastamonu mimari kimligi olusumunda biiyiikk 6neme sahip tarihi konaklarin ahsap
catilar1 teknik, gorsel ve islev yoniinden incelenmis ve tespitler ortaya konulmustur.

Anahtar kelimeler: Ahsap konak, Cihanniima, Egim, Tasiyici eleman

Roof Systems in Historical Wooden Buildings in Kastamonu

Abstract

This study aims to provide details about the appearance, style, and distinguishing
characteristics of the old wooden homes still standing in Kastamonu today and to investigate
the role played by roof form drawings in creating the city's distinctive architectural style. The
roof components of 26 historically significant, high-quality timber mansions in Kastamonu
province's center were evaluated in this regard. When the roofs of the mansions are inspected,
there are hipped roofs with two, three, and four surfaces, hipped roofs with eight cruciform
surfaces, and hipped roofs with lanterns, and all of them have the characteristic of snap roofs
according to their geometric form. It has been established that roof components, including
rafters, purlins, pillars, buttresses, and breasting, use flat and lap jointing. Additionally, it has
been noted that distinctive elements like overhanging, fringe embellishments, and cihanniima
have become increasingly prominent. As a result, the roofs of old wooden mansions were
analyzed in terms of technique, visual appeal, and utility. These roofs are crucial in defining
Kastamonu's architectural identity.

Keywords: Bearing element, Pinnacle, Slope, Wooden mansion,
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1 Giris

Anadolu’nun her bdlgesinde, o bolgenin cografi sartlarinin etkisiyle belirli yap: tipleri
ortaya ¢cikmistir. Toplum yasantisim1 farkli sekillerde etkileyen geleneksel Kkiiltiir 6geleri,
bulunduklar1 sehirlerin mimarilerini de etkilemistir (S6zli, 2021). Anadolu’nun g¢esitli
yorelerindeki kiiltiirel farkliliklar, bolgelerin iklim tipi c¢esitliligi, ekonomik imkanlar gibi
etkenler insanlarin yasam alani olan yapilarin insasinda yapt malzemelerine ulasilabilirlik ve
kullanilabilirlik durumunu sekillendirmis ve bu durum bolgesel olarak farkliliklar
dogurmustur. Bu farklilik, I¢ Anadolu Bolgesi'nde tas-kerpig, Akdeniz ve Dogu Anadolu
Bo6lgesi’nde tas, Karadeniz Bolgesi’nde ahsap, Ege Bolgesi’nin i¢ kisimlarinda zemin katlarda
tas, Ust katlarda ise ahsap tasiyicili dolgu malzemenin yaygin bir sekilde kullanimi goze
carpmaktadir (Sogiitli ve Kilig, 2010). Bolgesel olarak bakildiginda, ormanin yogun oldugu,
orman endiistrisinin bulundugu bolgelerde ahsap, kayac¢ olusumu fazla olan bolgelerde ise tas
ana yap1 malzemesi olarak kullanilmistir. Bununla birlikte ahsap farkli bolgelere ve gesitli
malzemeye dayali yerel konut mimarisi iginde genelde tercih edilen konut malzemesidir.
Karadeniz Bolgesinde de drneklerine oldukca fazla rastlamak mimkundir (Gezer ve ark.,
2021). Ayrica gecmisten gliniimiize c¢att da dahil yap1 konstriiksiyonlarinin gesitli
kisimlarinda yogun olarak kullanilmistir. Bu durumun temel nedenleri, ahsap malzemenin
dogalligi, gorsel ¢esitliligi, kolay islenebilir ve yenilenebilir olmasi, ses ve 1s1 yalitiminin iyi
diizeyde saglamasi, korozyona karst direncliligi, baglanti elemanlart ile yiiksek
mukavemetinin olmasidir (Bozkurt, 2013). Tiirk mimari geleneginde ahsap catilar, genellikle
%25-35° egimli kirma geometrik bicimde ve sagakli sekilde olup iizerine alaturka kiremit
yerlestirilmistir.

Ev, insanin barinma ihtiyacini karsilamak amaciyla en fazla insa edilen yapidir (Sogiitli
ve Kilig, 2010). Bununla birlikte, aile bireylerinin beslenme, dinlenme, yasama gereksinimleri
ile toplumsal, ekonomik, fizyolojik ve estetik ihtiyaglarini karsilamakta evlerin tarih boyunca
bir 6nemi olmustur (Aras ve ark., 2005). Bu ihtiyaglar dogrultusunda Anadolu’da, geleneksel
konut mimarisinde evlerin ¢esitli farkliliklar gdstermesi her birinin 6zgiin tasarima sahip
oldugu anlammi tasir (Basak, 2021). Kastamonu, tarihi ve kiiltiirel zenginligiyle birlikte,
Anadolu’daki en eski yerlesim yerlerinden biridir (Ozcan, 2005). Tarih boyunca birgok
topluluga ev sahipligi yapmis, izlerini ve eserlerini giinlimiize tagimistir. Kastamonu’da
yapilan kazi caligmalarinda Germeg ve G6lkoy’de ¢ikarilan kalintilar Yontma Tas devrine ait
oldugunun belirlenmesiyle Kastamonu tarihini M.O. 50 bine kadar gotiiriir. ik ¢agda
“Paflagonya” ad1 verilmis, zamanimiza kadar Gaslar, Hititler, Frikler, Kimmerler, Lidyalilar,
[ranlilar, Yunanlilar, Pontuslar, Romalilar, Bizanshlar, Danismentliler, Cobanogullari,
Candarogullar1 ve Osmanlilar kavim ve devletlerinin hakimiyetleri altina girmislerdir (Asar,
2011). Bu kavim ve devletlerin h@kimiyetleri siiresince insanlar, ihtiyaglarini giderecegi ve
cevrenin zararlarindan korunacag: cesitli malzemelerden barmaklar yapmislardir (isler, 2010).
Tarihi Kastamonu evlerinin yapim tarihine iligkin veriye rastlanmamakla birlikte eszamanli
veya yakin zaman araliklarinda yapildiklari tahmin edilmesi dolayisiyla, bu yapilarin teknik,
mimari Ozelliklerine ve Kastamonu’daki benzer tarihi ahsap yapilarin analojisine goére 19.
yiizyilin sonlarinda insa edildikleri soylenebilir (URL-1, 2023). Kastamonu konutlarinin,
yapiin iskeletini olusturan ahsap dikmelerin altina yerlestirilmis blok taslar ile dikme
aralarinin kerpi¢ veya tas duvar ile doldurulmasiyla insa edildigi sik¢a gozlemlenmistir.
Kentin, bir derenin iki yamacindaki vadide giliney-kuzey yoniinde kurulu olmasi, konutlarin
yoniinii insa sirasinda zorunlu olarak sekillendirmis olup bu zorunluluk neticesinde
olusabilecek problemler, yapilarin sokak egim ¢izgilerine paralel olarak konumlanmasiyla
¢oziimlenmistir. Ayrica tarthi Kastamonu konutlarinin cephelerinde bulunan, estetik goriiniim
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kazandiran ve yapi tasariminda etken unsur olan ¢ikmalar ¢ati formunun sekillenmesinde
etkilidir. Bununla birlikte, ada ya da parselin form bozuklugunu diizeltmek, yap1 insa alanini
kismen de olsa artirmak veya cepheye daha iyi agiyla yonelim saglamak amaciyla yapilan
cikmalar ile konutun ¢at1 katinda benzer ya da gorsel amagla inga edilen cihanniimalar, sokak
siluetlerinin olusumunda etkili oldugu kadar kentin genel goriinlimiinii adeta mimari estetige
sahip bir tablo gibi pitoresk kilan unsurlardir. Ayrica yapilarin iist katlarinda sofa ve odalarin
yeterli 151k almasini saglayan ¢ok pencereli uygulamalar bulunmaktadir (Akyol, 2008).

1.1 Catilarin Simiflandirilmasi

Catilar; geometrik bigimine, yalitim tabakalarinin konumuna, egim derecesine, tasiyici
eleman malzemesine, tabaka sayisina, tasiyici niteligine, suyun uzaklastirilma bigimine gore
smiflandirilir (Akyol, 2008). Sekil 1°de yapilarina gore cat1 sekilleri ve tiirleri goriilmektedir.

Tagryict Geometrik Egim Tabaka Yalitum Tastyict Suyun
Eleman Bigimine Derecesine Sayisma Tabakal Niteligi Uzaklagma
Malzemesine Gére Gore Gore Konumuna Gore Bigimine
Gore Gore Gére
= Ahzap I Sundwma -Diz Sicak p» Dizz Sicak I Oturtma tI;ﬁ Akl
e Metal L Besik L Esik Soguk L Ters Sicak L Aszna Disa Akizh
I Betonarme = Kirma - b Karma
k- Kagir = Kelebek Az Egimh
k. Diger b Fenerli [=Orta Egimli
b Hagvin L Viiksek Egimli

b Sed
b Topuz

- Mansard

= Katlanmig
Yiizeyhi

Sekil 1. Catilarin Siniflandirilmasi (Akyol, 2008)
1.1.1 Tasiyici elemanlarinin malzemesine gore catilar

Catilar, tastyici sistemlerini olusturan elemanlarin malzemesine gore; ahsap, metal,
kagir, betonarme ve digerleri olarak bes gruba ayrilir. Ahsap catilar ahsap malzemeden,
betonarme catilar betondan, metal ¢atilar metal elemanlardan, kagir gatilar topraktan veya
tastan yi1gilarak, diger cat tiirleri ise farkli malzemeli elemanlardan yapilmistir (Akyol, 2008).
Ahsap cat1 konstriiksiyon sistemleri (Cizelge 1.) gogiislemeler, yanlamalar, asiklar, birakma
ve yastik kirigleri, mertekler, mahyalar, dikmeler, kusaklar, riizgar kirisleri, ¢at1 ortiisii, ortii
alt1 kaplamasi kisimlarindan olugmaktadir. Bu kisimlar bulon, kama, ¢ivi, gibi baglanti
elemanlartyla ya da c¢ati elemanlarinin birbirine gegirilmesi ile baglanarak ¢ati
olusturulmaktadir (Akyol, 2008). Sekil 2°de cati perspektif goriinimii ve konstriiksiyon
elemanlart gorilmektedir.

Sekil 2. Cat1 perspektif goriiniimii ve konstriikksiyon elemanlari (URL-2)
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Dikmeler, oturma sistemlerde duvar ya da kolona yerlestirilen mahya asigiin oturdugu
mesnetlerdir ve asik, mertek ve cati Ortiisii yliklerini tagirlar. Asiklar, merteklerin
yerlestirildigi tastyict kirigler olup ¢atida bulunduklar1 yere goére damlalik asigi, ara asik,
mahya as1g1 adinin alirlar. Birakma kirisi, dikmeler ayn1 diisey diizlemde duvar bulunmamast
halinde bu kirislerin {izerine oturtulur. Asma catida sik¢a kullanilan cati elemanidir.
Mertekler, asiklar {izerine oturmakta ve ortii alt1 kaplamasinin yiikiinii tagimaktadirlar (Binan,
2010). Kusaklar, bir ¢att makasi lizerinde bulunan dikme, asik, yanlama ve mertekleri, her iki
yiizeyden birbirine baglayan ¢ubuklardir. Gogiislemeler (Payandalar), asma ¢atilarda, agiklara
ve dikmelere baglanan, mahya as181 ile gelen yiikleri 45° dikmelere aktaran yardimci tasiyict
elemanlardir. Yanlamalar, asma catilarda, mahyalardan aldig: yiikleri, birakma kirisindeki
diiglim noktalarina; oturtma catida ise duvar, kiris ya da kolonlara ileten elemanlardir. Riizgar
baglantilari, ¢apraz olarak yarim ge¢melerle mertekler altina ¢akilan, mertek niteliginde
elemanlardir. Riizgarin neden olabilecegi deformasyonlari 6nleme gorevini iistlenmektedirler
(Esen, 2010).

1.1.2 Geometrik bicimlerine gore catilar

Mimari formuna gore degerlendirilmis olup literatlirde ¢esitli dis formda cat1 bigimleri
mevcuttur. Sundurma catilar, tek yiizeylidir (Sekil 3-a). Diger ii¢ ¢ati cephesinde egim
bulunmayip mahya asigina kadar yiikseltilmis ve ¢at1 ortiisii ile korunmus dik ag¢ili kalkan
duvart mevcuttur. Yagmur veya kar suyu yalmiz tek tarafa dogru akar. Besik cati, iki
yiizeylidir (Sekil 3-b). Yapinin yiizey bulunmayan diger iki ¢ati1 cephesinde kalkan duvari
vardir. Mahya asigindan damlalik agigina uzanan mertekler karsilikli olarak ayni seviyede ve
ayni sayidadir. Kirma cat1 dort yiizeylidir (Sekil 3-c). Yiizeyler genellikle es dlciilerde olup
mahya, orta ve damlalik asiklar1 gibi cat1 konstriikksiyon elemanlar1 karsilikli olarak ayni
seviyededir. Kelebek ¢at1, bir dere olusturacak bicimde egimli iki adet yiizeyin kesismesiyle
olusan cat1 bi¢cimidir (Sekil 3-d). Bu cat1 tiplerinde genellikle birden fazla simetrik egimli
yuzeylerin bir araya gelmesiyle farkli formlarda gatilar olusturulabilmektedir (Akyol, 2008).
Hagvari cati, iki besik ¢atinin es yiikseklikteki mahya asiklarmin orta noktasindan
birlestirilmis ¢at1 seklidir (Sekil 3-¢). Bu orta noktada birlesen dort tepe mahyadan damlalik
asigima uzanan dort dere mahya olusmaktadir. Dort cephede tepe mahyaya kadar ylikselen
kalkan duvar1 bulunmaktadir. Sed cati, cok sayida sundurma veya besik ¢atinin ayni seviyede
yan yana siralanmasindan olusmaktadir (Sekil 3-f). Sed ¢atinin az egimli yiizeyi genel olarak
33° lik bir egime sahiptir. Bu ¢at1 tiplerinde, binanin i¢ kisminda giines 1s18indan faydalanmak
i¢cin pencereler bulunmaktadir. Pencerelerin bulundugu yiizeyler genellikle tam diisey ya da
egimli bir diizlem seklinde konumlandirilmaktadir (Binan, 2010). Topuz ¢at1, binay1 piramit
benzeri bir geometri ile orten catidir (Sekil 3-g). Mahya asig1 bulunmamakla birlikte tepe
mahyalar dort koseden yiikseltilerek cati Ortiisiiniin orta noktasinda birlestirilmek suretiyle
olusturulmaktadir. Alt1 yada sekiz yiizeyli olarak tercih edilmektedir. Mansart ¢ati, yiizey
sekli ve konstrilksiyon yapisina gore diger cati tiirlerinden farkhidir. Orta asi8in
yiikseltilmesiyle damlalik asig1 ile arasindaki egim agisi artirillmistir (Sekil 3-h). Bunun
sebebi, ¢at1 arasi hacim kullanim igin daha elverigli hale getirilmesi ve kar yiikiiniin gati
ortiisti lizerinde kalma stiresi de azaltilmasidir. Bu c¢atilar tercihen cati arasinda istenilen
yiikseklik ve genislige gore tasarlanabilmektedir. Catinin egimli yiizeyi bulunmayan
cephelerinde kalkan duvarina ihtiya¢ duyulmaktadir. Katlanmis yiizeyli c¢ati, egimli
diizlemlerin boyuna ydnde birlestirilmesiyle elde edilen yar1 iiggen prizma seklindeki
katmanlarin yapi tizerine oturtuldugu ¢ati striiktiir sistemidir (Sekil 3-1). Ardisik olarak dere
ve tepe mahyalarin yan yana dizilmesi bu konstriiksiyon sisteminin ve suyun uzaklastiriima
bi¢cimine gore ice akisli olmasi bu ¢ati tipinin karakteristik 6zellikleridir. Egimli ¢ati, tek
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yiizeyli olup bu yiizeye istenilen miktarda egim verilmesiyle olusturulmaktadir (Sekil 3-i).
Cat1 konstriiksiyon sistemi tasiyici niteligine gore genellikle asma c¢atidir ve genis agikliklara
sahip cami, spor tesisleri, kongre ve fuar alanlar1 gibi binalarin oOrtiilmesinde tercih
edilmektedir. Kule cati, damlalik asigina dik sekilde yerlestirilen merteklerin yiizeylerinden
yiikseltilerek cat1 Ortiisii merkezinde birlestirilmesiyle elde edilen c¢ati tipidir (Sekil 3-j).
Topuz ¢at1 tipine benzer 6zellik gostermekle birlikte dort ylizeye sahip olmasiyla farklilik
kazanmaktadir. Fenerli ¢ati, iki kistmdan olusan binanin i¢ kisminda giines 1s1gindan
faydalanmak amaciyla dik ag¢iyla konumlandirilan pencereler bulunmaktadir (Sekil 3-k).
Tabaka sayisina gore bu pencerelerin alt kismi soguk, list kismi ise sicak catidir. Geleneksel
yapilarda bu kisma cihanniima adi verilmekte ve uygulamada sikg¢a rastlanmaktadir (Akyol,
2008).
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Sekil 3. (a) Sundurma ¢ati1 (b) Besik ¢at1 (¢) Kirma ¢at1 (d) Kelebek ¢at1 (€) Hagvari ¢ati (f)
Sed ¢at1 (g) Topuz gat1 (h) Mansard ¢at1 (1) Katlanmis yiizeyli ¢at1 (i) Egimli ¢at1 (j) Kule ¢ati
(K) Fenerli Cat1

1.1.3 Egim derecelerine gore catilar

Catilar, egim derecelerine gore diiz ve egimli olarak iki sekilde simiflandiriimaktadir.
Egim derecesi %6 dan az olan catilar diiz, %6 — 19 arasindaki catilar az egimli, %20 - 44
arasindaki catilar orta egimli, %45 den biiyiik olan ¢atilar ise yiiksek egimli ¢atilardir (Akyol,
2008).

1.1.4 Tabaka sayilarina gore catilar

Birakma kirisi lizerine kaplama tahtasi denilen aymi 6l¢iideki ahsap malzemelerin yan
yana yerlestirilmesiyle olusturulan zemin ile ¢ati konstriikksiyon sistemi arasinda kalan ve
depolama ya da yasam alan1 amacl kullanilan kisma ¢at1 arasi1 denilmektedir. Cat1 aras1 soguk
catilarda (Sekil 4-a) bulunurken, sicak catilarda (Sekil 4-b) ise bulunmamaktadir (Koca ve As,
2016). Sicak catilarda cat1 arasi yerine ayni nitelikteki kaplama tahtalari, birakma kirisi
izerine olmayip, ¢at1 Ortiisiiniin serilmesi amaciyla sadece mahya asigindan damlalik agigina
uzanan merteklerin lizerine yerlestirilmektedir.

Sekil 4. (a) Soguk ¢at1 (URL-3), (b) Sicak ¢at1 (URL-4)
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1.1.5 Yahtim tabakalarinin konumuna gore catilar

Catilar, su ve 1s1 izolasyon tabakalarinin konumuna gore; diiz sicak cat1 ve ters sicak ¢ati
olarak iki gruba ayrilmaktadir. Diiz sicak catilarda, su yalitim tabakas1 1s1 yalitim tabakasinin
lizerine yerlestirilerek 1s1 yalitiminin su alarak bozulmasi engellenmekle birlikte, ters sicak
catilarda su yalitim tabakasi 1s1 yalitim tabakasinin altina yerlestirilip 1s1 yalitim tabakasinin
icerdeki yogusan nemden zarar gérmesi engellenmektedir (Akyol, 2008).

1.1.6 Tasiyicilik Niteligine Gore Catilar

Tas1yict sistemin niteligine gore catilar; oturtma, asma ve karma gatilar olarak tiirlere
ayrilmaktadir. Oturtma catilar, cat1 Ortlisii ve konstriiksiyon sistemi agirlig1 ile kar, yagmur,
rliizgar gibi dis yiikleri, duvar, kiris, kolon gibi tasiyict elemanlara kolaylikla aktarabilen, plan
diizeni olarak biiyiik agikliklari olmayan binalarda maliyet avantajindan dolay1 tercih
edilmektedir (Sekil 5-a). 1ki asikli oturtma catida asiklar arasindaki agiklik, uygulanabilecek
mertek ve destekleme gorevindeki dikme agikliklarini belirler. Ug agikli oturtma ¢atida her
yiizeyde mahya ve orta asiklar1 tastyan tiger dikme gereklidir. Mahya asig1 ile damlalik asig1
arast uzunluk 5.00-7.00 m yada daha fazla olan biiyiikk acgikliga sahip binalarda ii¢ asikli
oturtma ¢at1 uygulamak, iki asikli oturtma ¢atidan daha uygun olmaktadir. Ug asikl1 oturtma
catida asiklar kusak ve dikmelerle birlesirler. Asma ¢atilar, plan diizeni bakimindan biiyik
hacimlerden olusan binalardaki genis acikliklar oturtma c¢at1 sistemlerine olanak
vermediginden bu biiyiik agikliklar, kafes kirigler veya makaslarla yani asma cat1 sistemi ile
astlmaktadir (Sekil 5-b). Bu kirisler ve makaslar, ¢atinin sahip oldugu egime uygun olarak
bicimlendirilmektedir (Binan, 2010). Asma catilar, yiizey sekillerine gore tek yiizeyli, iki
yiizeyli ve kirma asma catilar seklinde siniflandirilirken; oturtma catidaki dikme vazifesini
iistlenen baba sayisina gore, tek babali, iki babali ve ii¢c babali asma catilar seklinde
simiflandirilmaktadir. Karma ¢atilar; biiyilkk ve kiigiik agikliklarin birlikte bulundugu
binalarda, farkli biiylikliikteki agikliklara ayni tasiyici sistemi uygulamak yerine degisen
acikliklara gore degisik makas tiplerinin bir arada kullanildigi karma sistemler
uygulanmaktadir (Binan, 2010).

() (®)

Sekil 5. (a) Oturtma gat1 , (b) Asma cati
1.1.7 Suyun Uzaklastirilma Bi¢cimine Gore Catilar

Catilar, yagis suyunun uzaklastirilma sekline gore, disa akigh catilar ve ice akish catilar
olarak iki gruba ayrilmaktadir. Disa akigl gatilar; yagmur sularini, egim yonii nedeniyle disari
dogru akitmakta (Sekil 3-b), ice akish catilar ise; ¢at1 yiizeylerinin i¢e egimli konumlarindan
dolay1 suyu igeri akitip (Sekil 3-d), uygun sekilde i¢ kisimda toplamaktadir (Akyol, 2008).

Kastamonu ilinde varligin1 koruyan tarihi ve ahsap yapilarin catilarmin goriiniis,
tasarim, karakteristik ozellikleri, ¢ati formu c¢izimleri, sehrin mimari kimligindeki etkisinin
incelenmesi calismanin amacini olusturmaktadir. Anadolu’daki ahsap yapilarin incelendigi
bilimsel ¢alismalarda genellikle ahsap ¢ati konstriiksiyonuna deginilmemesi, Kastamonu ili
ozelinde ise bu sekildeki incelemeye literatiirde hi¢ rastlanmamasi ¢alismanin 6zgiin deger
tasidiginin gostergesidir.
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2 Materyal ve Metot
2.1 Metot

Bu c¢alismada, Kastamonu il merkezinde bulunan tarihi yap1 ozelligi tasiyan,
incelenmesi fiziki olarak miimkiin olan ve ahsap catilar1 orijinal ve/veya restore edilmis
durumdaki 26 adet tarihi yap1 incelenmistir. Bu yapilarin ahsap cati kisimlari, ¢ati Ortlisti
altindaki ahsap konstriiksiyon sistemi ile cati Ortiisiinde bulunan karakteristik ve teknik
Ozellikleri belirlemek amaciyla incelikli gozlem yapilmistir. Yapilan bu gozlem ile birlikte
tarihi ahsap yapilar ile ilgili ulusal ve uluslararasi dlgekte ahsap ¢ati konstriiksiyon sistemleri
alaninda literatlir taramasi yapilip; elde edilen teknik bilgiler 1s18inda Kastamonu tarihi
yapilarinin ahgap catilarinin teknik ¢izimleri AutoCAD programi (AutoCAD 1.2 2019)
kullanilarak ¢izilmistir. Cat1 sistemlerinin bu teknik bilgilere ve c¢izimlere gore analizi
calismanin bulgular ve sonu¢ kisminda verilmistir. Ayrica Sekil 6’te il merkezinde akan
irmagin karsilikli kuzeybati ve giineydogu yonlerinde konumlanmis olan Kastamonu Kalesi
ve Kastamonu Saat Kulesi ¢evresindeki nispeten tarihi nitelige sahip mahallelerdeki konaklar
yogunlukla incelenmis olup sehrin diger mahallelerindeki tarihi ahsap yapilara da ¢alismada
yer verilmisgtir.
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Sekil 6. Kastamonu il merkezi krokisi ve ¢alisma kapsaminda incelenen tarihi ahsap yapilar
(URL-5)

3 Bulgular ve Tartisma
3.1 incelenen ahsap yapilarin ¢at1 sistemlerinin ortak oézellikleri

Incelenen cati sistemlerinin tamami, tasiyici nitelifine gére oturtma cati ve efim
derecesine gore orta egimli (20°-35°) egik c¢at1 olarak siniflandirildi. Cati sistemlerinde
kullanilan malzemelerin tamaminin tasiyict eleman malzemesine gore ahsap oldugu
gozlemlendi. Cat1 sistemlerin tamaminda biriken su disa akish seklinde uzaklastirildig: tespit
edilmis edildi. Cati sistemlerinin sagaklar1 incelendiginde tamaminin sarkan sacakli oldugu
saptandi.
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3.2 Incelenen ¢atilarin karakteristik o6zellikleri

Incelenen ahsap yapilarin karakteristik cat1 6zellikleri sirasiyla asagida ve gizelgelerde
belirtilmistir.

Akif Bey Konagina ait karakteristik 0zellikler Cizelge 2°de verilmistir. Bu konagin
catisi, geometrik bigimine gore fenerli ¢atidir. Cihanniima catisi, bigimine gore dort ylizeyli
kirma catidir. Birinci katin ¢atisi karma olup farkli cephelerde tek ylizeyli sundurma, iki
yiizeyli ve li¢ yiizeyli kirma cat1 bigimindedir. Bu ¢atinin sokaga ve avluya cepheli kisimlar1
sundurma, yan cephelerdeki kisimlar ise kirma catidir. Catinin cephe gegislerinde tepe ve dere
mahyalar goze ¢arpmaktadir. Karakteristik olarak cihanniima mevcut olup bu kisim avluya
cephelidir ve dort tarafinda da pencere bulunmaktadir. Tabaka sayilarina gore cihanniima
sicak, diger kisimlar soguk catidir.

Aktekke Konagina ait karakteristik oOzellikler Cizelge 2’de verilmistir. Bu konagin
catisi, geometrik bigimine gore {i¢ ylizeyli kirma g¢atidir. Ancak catinin yan cephesinde
konagin sokaga paralel formunda bulunan ¢ikmalar, ¢ati Ortiisiinde dere ve tepe mahyali
olarak iki ve li¢ yiizeyli kisimlari meydana getirmektedir. Konagin yan binaya bitisik
kisminda mahyaya dogru yiikselen kalkan duvari mevcuttur. Catida karakteristik olarak
cikmalar bulunmaktadir. Tabaka sayilarina gore ise soguk catidir.

Atabey Konagina ait karakteristik 6zellikler Cizelge 2’de verilmistir. Bu Konagin gatisi,
geometrik bi¢cimine gore fenerli catidir. Cihanniima gatisi, bigimine gore iki yiizeyli kirma
catidir. Birinci katin gatis1 yan ve 6n cephelerde dere ve tepe mahyaya sahip iki ylizeyli kirma
cat1 bicimindedir. Karakteristik olarak 6n cepheye sahip cihanniima ve arka cephede kalkan
duvar1 bulunmaktadir. Tabaka sayilarina gore ise cihanniima sicak, diger kisimlar soguk
catidir.

Ayecilar Konagina ait karakteristik 6zellikler Cizelge 2’de verilmistir. Bu konagin ¢atisi,
geometrik bigimine gore iki yilizeyli kirma ¢atidir. Karakteristik olarak 6n cephede ¢ikmalar
ve yan cephede kalkan duvari mevcuttur. Tabaka sayilarina gore ise soguk ¢atidir.

Cizelge 2. Incelenen bazi catilarin (1 - 4) karakteristik yap1 6zellikleri ve cephe ¢izimleri
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Ballik Konagina ait karakteristik 6zellikler Cizelge 3’de verilmistir. Bu konagin ¢atis1 U
seklinde olup Kastamonu ilinde az rastlanmaktadir. Geometrik bi¢cimine gore karma olup, 6n
cepheye ve sol cephe kismi iki yiizeyli kirma ¢at1, sag cephe kismi ise tek yiizeyli sundurma
catidir. Tabaka sayilarina gore ise soguk catidir.

Barutcuzade Tahir Efendi_Konagina ait karakteristik 6zellikler Cizelge 3’de verilmistir.
Bu konagin catisi, geometrik bigimine gore fenerli ¢atidir. Cihanniima iki ylizeyli kirma ¢ati,
birinci katin ¢atisi ise her iki yan cephede ii¢ yiizeyli kirma ¢atidir. Karakteristik olarak 6n ve
arka cepheye sahip cihanniima bulunmaktadir. Tabaka sayilarina gore ise cihanniima sicak,
diger kisimlar soguk catidir.

Corukzade Konagina ait karakteristik 6zellikler Cizelge 3’de verilmistir. Bu konagin
catisi, geometrik bigimine gore dort yiizeyli kirma, kule catis1 yedi yiizeyli kirma catidir.
Catinin karakteristik olarak sag yan cephesinde kalkan duvari bulunurken sol yan cephesinde
ise kalkan duvarmin orta kisminda balkon bulunmaktadir. Buna baglh olarak c¢ati
konstriiksiyonunda mahya yiikseklikleri farklidir. Yapimin bahgeye bakan arka cephesinde
cikmalar mevcuttur. Tabaka sayilarina gore ise soguk c¢atidir.

Fikret Duragan_Konagma ait karakteristik Ozellikler Cizelge 3’de verilmistir. Bu
konagin ¢atisi, geometrik bi¢imine gore besik catidir. Arka cephede avluya acilan kapinin
bulundugu kismin ¢atist sundurma g¢atidir. Tabaka sayilarina gore ise soguk ¢atidir.

Cizelge 3. Incelenen bazi catilarin (5 - 8) karakteristik yap1 6zellikleri ve cephe cizimleri
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Hafiz Sadik Konagina ait karakteristik ozellikler Cizelge 4’de verilmistir. Bu konagin
catis1, geometrik bicimine gore ii¢ yiizeyli kirma ¢atidir. Karakteristik olarak arka cephede
kalkan duvar1 mevcuttur. Tabaka sayilarina gore ise soguk catidir.
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Helvacioglu Konagina ait karakteristik ozellikler Cizelge 4’de verilmistir. Bu Konagin
catisi, geometrik bigimine gore iki ylizeyli kirma catidir. Karakteristik olarak 6n cephede
¢itkma ve nadir rastlanan siislemeli alin tahtasi bulunmaktadir. Tabaka sayilarina gore ise
soguk catidir.

Horuzoglu Konagina ait karakteristik Ozellikler Cizelge 4’de verilmistir. Bu Konagin
catisi, geometrik bigimine gore dort yiizeyli kirma catidir. On ve yan cephelerde ¢ati ¢ikmalari
bulunmaktadir. Tabaka sayilarina gore ise soguk catidir.

Hz. Pir Seyh Saban-1 Veli Kiilliyesi_Konagina ait karakteristik 6zellikler Cizelge 4’de
verilmistir. Bu konagin ¢atisi, geometrik bi¢imine goére her iki konagin gatisi, dort yiizeyli
kirma catidir. Karakteristik olarak 6n kisimda ¢ikma mevcuttur. Tabaka sayilarina gore ise
soguk catidir.

Cizelge 4. Incelenen bazi gatilarin (9 - 12) karakteristik yap1 6zellikleri ve cephe cizimleri
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Ismail Bey Konagma ait karakteristik 6zellikler Cizelge 5°de verilmistir. Bu konagm
catisi, geometrik bi¢cimine gore dort yiizeyli kirma catidir. Tabaka sayilarina gore ise soguk
catidir.

Izmitli Konagma ait karakteristik 6zellikler Cizelge 5°de verilmistir. Bu Konagin catist,
geometrik bicimine gore {i¢ ylizeyli kirma catidir. Karakteristik olarak on cephe sacaginda
siislemeli alin tahtasi, sol cephede giivercinlik, sag cephede kalkan duvari mevcuttur. Tabaka
sayilarina gore ise soguk catidir.

Kadioglu Konagima ait karakteristik Ozellikler Cizelge 5’de verilmistir. Bu konagin
catis1, geometrik bigimine gore dort ylizeyli kirma catidir. Tabaka sayilarina gore ise soguk
catidir.
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Cizelge 5. incelenen bazi ¢atilarin (13 - 15) karakteristik yap: 6zellikleri ve cephe ¢izimleri
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Kahyanin Konagina ait karakteristik ozellikler Cizelge 6’de verilmistir. Bu Konagin
catisi, geometrik bigcimine gore cihanniima besik, birinci kat c¢atisi iki yiizeyli kirma ¢atidir.
Karakteristik olarak cihanniima mevcuttur. Tabaka sayilarina gore ise cihanniima sicak, diger

kisimlar soguk ¢atidir.

Mazlumcuoglu Konagina ait karakteristik ozellikler Cizelge 6’de verilmistir. Bu
konagin catisi, geometrik bigimine gore fenerli ¢ati, tek ylizeyli ¢ati, iki yiizeyli kirma cati
bilesiminden olusmustur. Karakteristik olarak ¢ati bi¢cimi, diger konaklara gbre farkli olup
karma tiptedir. Cihanniima mevcuttur. Tabaka sayilarina gore ise cihanniima sicak, diger

kisimlar soguk catidir.

Ozelci Konagina ait karakteristik dzellikler Cizelge 6’de verilmistir. Bu Konagi catist,
geometrik bi¢imine gore fenerli ¢atidir. Cihanniima dort yilizeyli kirma, birinci katin ¢atisi, iki
yiizeyli kirma catidir. Karakteristik olarak cihanniima mevcuttur. Tabaka sayilarina gore ise
cihanniima sicak, diger kisimlar soguk catidir.

Pembe Konagina ait karakteristik 6zellikler Cizelge 6’de verilmistir. Bu konagin catisi,
geometrik bigimine gore ii¢ ylizeyli kirma ¢atidir. Karakteristik olarak 6n ¢ikma kisminda
alinlik mevcuttur. Tabaka sayilarina gore ise soguk catidir.

Cizelge 6. Incelenen bazi catilarin (16 - 19) karakteristik yap1 6zellikleri ve cephe cizimleri
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Sar1 Konaga ait karakteristik Ozellikler Cizelge 7’de verilmistir. Bu Konagin ¢atisi,
geometrik bigimine gére Kastamonu ilinde nadir rastlanan hagvari ¢atidir. Karakteristik olarak
dort cephede de ¢at1 arasi kullanim alan1 mevcuttur. Tabaka sayilarina gore ise soguk ¢atidir.

Sirkeli Konagina ait karakteristik 6zellikler Cizelge 7’de verilmistir. Bu Konagin ¢atist,
geometrik bigimine gore dort ylizeyli kirma ¢atidir. Karakteristik olarak ¢ikmalar mevcuttur.
Tabaka sayilarina gore ise soguk catidir.

Seyhoglu Konagina ait karakteristik o6zellikler Cizelge 7°de verilmistir. Bu konagin
catisi, geometrik bicimine gore dort yiizeyli kirma ¢atidir. Karakteristik olarak ¢atinin dort
kosesinde ¢ikmalar mevcuttur. Tabaka sayilarina gore ise soguk catidir.

Tahir efendi Konagina ait karakteristik 6zellikler Cizelge 7°de verilmistir. Bu konagin
catisi, geometrik bigimine gore iki yiizeyli kirma catidir. Tabaka sayilarina goére ise soguk
catidir.

Cizelge 7. Incelenen bazi catilarin (20 - 23) karakteristik yap: 6zellikleri ve cephe cizimleri
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Toprakgilar Konagina ait karakteristik 6zellikler Cizelge 8’de verilmistir. Bu Konagin
catisi, geometrik bigimine gore fenerli catidir. Cihanniima catis1 besik, birinci kat catis1 {i¢
yiizeyli kirma c¢atidir. Karakteristik olarak cihanniima ve c¢ikmalar mevcuttur. Tabaka
sayilarina gore ise cihanniima sicak, diger kisimlar soguk catidir.

Yardimcilar Konagina ait karakteristik 6zellikler Cizelge 8’de verilmistir. Bu konagin
catisi, geometrik bigimine gore dort ylizeyli kirma catidir. Karakteristik olarak 6n cephede
¢ikma bulunmaktadir. Tabaka sayilarina gore ise soguk catidir.

Yiicebiyiklarin Konagina ait karakteristik ozellikler Cizelge 8’de verilmistir. Bu
konagin gatisi, geometrik bigimine gore fenerli ¢atidir. Cihanniima ¢atis1 dort ylizeyli kirma,
birinci kat catis1 li¢ yiizeyli kirma catidir. Karakteristik olarak cihanniima ve c¢ikmalar
bulunmaktadir. Tabaka sayilarina gore ise cihanniima sicak, diger kisimlar soguk catidir.
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Cizelge 8. incelenen bazi1 gatilarin (24 - 26) karakteristik yap: 6zellikleri ve cephe ¢izimleri
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Bu tarihi ahsap yapilarin lokasyonuna bakildiginda Kastamonu kent merkezi indnii
mahallesinde iki, Atabey Gazi mahallesinde iki, Honsalar mahallesinde bir, Akmescit
mahallesinde ii¢, Topguoglu mahallesinde bir, Ismailbey mahallesinde alti, Beycelebi
mahallesinde 1i¢, Hisarardi mahallesinde bir, Hepkebirler mahallesinde iki, Cebrail
mahallesinde iki, Aktekke mahallesinde iki, Kirk¢esme mahallesinde bir adet konak
bulundugu gézlemlendi.

Incelikli gdzlem sonuglarma gére, fenerli kirma cat1 tipinde sekiz adet konak mevcut
olup bu konaklarin birinci kat ¢atilar1 bir, iki veya ii¢ yiizeyli kirma tipte oldugu ve bu
catilarin bir cihanniimaya sahip oldugu tespit edildi. Konaklardan bes adedi iki ylizeyli, dort
adedi ii¢ ylizeyli, sekiz adedi dort yilizeyli ve bir adedi hagvari cat1 sekiz yilizeyli kirma ¢ati
bicimine sahiptir. Incelenen konaklar tamam tasiyici niteligine gore oturtma ¢at1 tipindedir.
Cat1 aras1 gozlemlenen sekiz adet catinin tamaminin tasiyici eleman malzemesi ahsaptir.
Tabaka sayilarina gore cihanniimaya sahip fenerli ¢atili konaklarin sadece bu kisimlart sicak
cat1, diger ylizeyleri ve cihanniima bulunmayan konak ¢atilarinin tamami soguk cat1 oldugu
tespit edildi. Catilarin tamami orta egimli (20°-35°) olup sarkan sacaklarin oldugu ve ayni
zamanda suyun uzaklastirilma bi¢cimine gore ¢atilarin tamami disa akish oldugu gézlemlendi.

Incelenen ahsap konaklarin 23 adedi restorasyon gormiis, iic adedi ise terk edilmis
vaziyettedir. Restorasyon calismasi yapilan konaklarin cati sistemlerinde alaturka veya
marsilya tip kiremit, yapilmayanlarda ise alaturka kiremit kullanildig saptandi.

4  Sonuclar ve Oneriler

Bu caligma kapsaminda Kastamonu’da bulunan 26 adet tarihi ahsap yapinin c¢ati
sistemleri incelendi. Sonug olarak;

e Kastamonu il merkezinde bulunan tarithi ahsap yapilar Osmanli devletinin son
dénemlerinden ve cumhuriyetin ilk yillarindan giiniimiize kadar sehrin tarihi ve kiiltiirel
zenginligine deger Kattig1 asikardir. Ancak incelemeler sonucu gecen zamanin yipratici
etkileri gézler oniindedir. Ahsap yapilarin, dolayisiyla cat1 konstriikksiyonun korunmasi
ve gerekli hallerde restorasyonuna gerekli 6nemin verilmesi bu kimligin varligini
stirdirmesinde 6énemli 6lgiide etkili oldugu anlagilmistir.
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e Bilimsel ve teknik gozlem, inceleme, uygulama calismalar1 ile ahsap yapilarin
korunmas1 yaninda cesitli ilgili mithendislik ve diger bilim dallar ile yliz yili askin
ayakta kalan bu mirasa sahip cikip gizli kalmis degerlerini de giinyliziine ¢ikarmak,
cesitli sekillerde toplumun istifadesine sunmak ve boylece bu miras1 gelecek nesillere
Ozenle aktarmak biiyiik 6nem tagimaktadir.
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Comparative study of some properties of wood plastic composite materials
produced with polyethylene, wood flour, and glass flour

Bekir Cihad Bal*

Abstract

Wood flour is the most common filler used in the production of wood plastic composite
(WPC) materials. In scientific studies on this subject, wood flours obtained from different
trees and fillers obtained from different annual plants are used. In addition, some mineral-
based fillers are also used in materials made of plastic. In this study, a low-density
polyethylene polymer obtained from recycling was used as the matrix. Larch wood flour and
glass flour obtained by grinding soft drink bottles were used as fillers. Composite boards were
produced using 60% polymer as the matrix, along with wood flour and glass flour in varying
proportions. The density, flexural strength, flexural modulus, tensile strength, tensile
modulus, elongation at break, and hardness values of the produced composites were
determined. Based on the data obtained, the density increased with the addition of wood flour
and glass flour as fillers, and the density-increasing effect of the glass flour was higher than
that of the wood flour. Compared to the control samples, it was determined that the bending
strength and elongation at break of the experimental groups decreased, and the flexural
modulus and tensile modulus increased in the experimental samples using wood flour and
glass flour.

Keywords: Wood flour, Glass flour, WPC, Wood plastic composites

Polietilen, odun unu ve cam unu ile Gretilen odun plastik kompozit

malzemelerin baz 6zellikleri iizerine karsilastirmah bir cahisma

Oz

Odun plastik kompozit (OPK) malzemelerin (retiminde dolgu maddesi olarak
cogunlukla odun unu kullanilmaktadir. Bu konuda yapilan bilimsel ¢alismalarda da farkli
agaclardan elde edilen odun unlar ve degisik yillik bitkilerden elde edilen dolgu maddeleri
kullanilmaktadir. Ayrica, bazi mineral esasli dolgu maddeleri de plastikten dretilen
malzemelerde kullanilmaktadir. Bu c¢alismada, geri doniisiimden elde edilen diislik
yogunluklu polietilen polimer matris olarak kullanilmistir. Dolgu maddesi olarak Karagam
odun unu ve kullanilmis mesrubat siselerinin Ogiitiillmesi ile elde edilen cam unu
kullanilmigtir. Kompozit levhalarda polimer matris %60 oraninda ve odun unu ve cam unu ise
degisen oranlarda kullanilmistir. Uretilen kompozitlerin; yogunluk, egilme direnci, egilmede
elastikiyet modull, cekme direnci, gekmede elastikiyet moduli, kopmada uzama ve Shore D
sertlik degerleri belirlenmistir. Elde edilen verilere gore; odun unu ve cam ununun dolgu
maddesi olarak eklenmesi ile yogunlugun artti§1 ve cam ununun yogunlugu artirict etkisinin
daha fazla oldugu belirlenmistir. Kontrol 6rneklerine kiyasla, odun unu ve cam ununun
kullanildig1 deney orneklerinde, egilme direncinin ve kopmada uzama miktarinin azaldigi,
egilmede ve ¢cekmede elastikiyet modilunin artigi belirlenmistir.

Anahtar kelimeler: Odun unu, Cam unu, OPK, Odun plastik kompozitleri
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1 Introduction

There have been many studies on wood-plastic composites. The majority of these have
attempted to determine the properties of composite materials produced using a polymer
matrix and one or more fillers in a lignocellulosic structure. For example, Stark and Matuana
(2004) conducted a Fourier-transform infrared spectroscopic analysis and attempted to
determine the mechanical properties and photodegradation of composite boards produced
using wood flour (Ponderosa pine), high-density polyethylene and wax after aging tests.
Ndiaye et al. (2011) determined the bending strengths of composite materials produced using
pine wood flour (0%, 5%, 25%, and 50%), and polypropylene. Altuntas et al. (2017)
evaluated the mechanical properties of a composite material produced with Scotch pine wood
flour and high-density polyethylene. Mengeloglu and Cavus (2020) investigated the effects of
teak wood flour and rice husk as fillers. Narlioglu et al. (2018) investigated some mechanical
properties of composite boards produced using pine wood flour and polypropylene.

Some mineral materials have also been used as fillers in the production of plastic
composites. For example, Dindar et al. (2016) studied the effects of marble flour and wood
flour contents on the technological properties of thermoplastic composites, and they reported
that although the mechanical properties of the composites decreased with an increase in the
marble-powder content, the water absorption of the composites significantly decreased. The
physical, mechanical, and thermal properties of wood/zeolite/plastic hybrid composites were
investigated by Kaymaker et al. (2017), and they reported that the flexural and tensile
properties of the wood plastic composites decreased with increasing zeolite content.
Kaymake1 (2019) investigated the effect of titanium dioxide on some properties of wood-
plastic nano-composites, and noted that the flexural and tensile properties of the composites
increased with the TiO2 content.

In some previous studies, glass flour obtained from waste glass was used as filler in
plastic composites. For example, Sadik et al. (2021) evaluated the remarkable mechanical and
thermal properties of high-density polyethylene/waste glass flour composite, and they
reported that the tensile properties decreased as the waste glass powder percentage increased.
Bhaskar et al. (2021) investigated the tensile and flexural strengths of a glass-flour-reinforced
polymer composite, and noted that using 40% crystal powder filler by volume resulted in the
maximum tensile strength, whereas the maximum flexural and impact strengths were
achieved with 30% and 20% volume fractions, respectively. Heriyanto et al. (2018)
investigated some of the mechanical properties of a polypropylene composite filled with
sawdust and glass powder. They reported that the flexural strength decreased as the sawdust
decreased and glass powder increased. Karunanayake (2007) evaluated the effects of glass
powder on some of the mechanical properties of some engineering thermoplastics. According
to the data obtained as a result of the study, it was reported that the density and flexural
modulus increased, and the flexural strength and impact strength decreased, with an increase
in the glass powder. Kristiawan (2022) evaluated the effects of glass powder additive on
some mechanical properties of recycled polypropylene filaments, and reported that the
ultimate tensile strength and Young’s modulus of rPP-based specimens with 10% glass
powder additive showed increases of 38% and 42% compared to PP specimens, respectively.

To the best of the author’s knowledge, there has been no adequate study on the effects
of glass flour on the properties of recycled low-density polyethylene composites. Therefore,
the aim of this study was to investigate the effects of wood flour and glass flour as filler
materials on some of the properties of a polymer composite produced from recycled low-
density polyethylene.
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2 Material and Method
2.1 Material

In this study, recycled polyethylene was used to produce wood plastic composites.
Polyethylene in granular form was obtained from Vepsan (Kahramanmaras, Tiirkiye). Pine
wood flour with a 40-mesh dimension was used as a filler material. Drink bottles collected
from domestic use were used for glass flour. The bottles were smashed with a hammer into
small pieces, ground with a grinder, and used as a filler material. The compositions of the
composites are given in Table 1. Group 2, which contained 40% wood flour, and group 6,
which contained 40% glass flour, were created to compare the effects of wood flour and glass
flour on mechanical properties. Groups 3, 4, and 5 were formed to detect changes in the
mechanical properties.
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Figure 1. Recycled polyethylene (A), pine wood flour (B), waste glass flour (C)

The pine wood flour and waste glass flour were dried at 103 £ 2 °C. The wood flour,
glass flour, and polyethylene were then mixed to obtain a homogenous blend before
processing in the extruder. Then, the blend was mixed with a single screw extruder at
temperatures of 160, 175, and 190 °C. The extruded compound was taken in a filament form
from the barrel exit with a nozzle diameter of 3 mm. The extruded compound in a filament
form was cooled in the air on a table. The cooled filament was cut into pellets, and these
pellets were remixed with the extruder at temperatures of 160, 175, and 190 °C. The extruded
compound in a filament form was recooled in the air on a table. The cooled filament was recut
into pellets. These pellets were placed in a metal mold and transferred between electrical-
heated metal plates at a temperature of 190 + 5 °C. Non-stick baking paper (wax paper) was
used to prevent sticking. The compound was heated, and melted over a period of 17 min. No
pressure was applied during this procedure. At the end of this duration, the melted compound
was removed from the heater with the metal mold and immediately placed in a cold press. A
total of 2.5 kg/cm? of pressure was applied in the cold press for 5 min. After pressing, the
formed compound was taken from the metal mold, and a composite board was thus obtained
with the dimension of 3.5 x 175 x 175 mm? (thickness x width x length). Four composite
boards were produced for each group. A total of 24 boards were produced for this present
study. Test samples were prepared from these boards. Four test samples were cut from each
board for each test. Sixteen test specimens were prepared for each test. Test samples were cut
using a laboratory band saw. The edges of each test sample prepared for the tensile test were
shaped with a CNC router. The compositions of the composites are given in Table 1. Group 2
containing 40% wood flour and group 6 containing 40% glass flour were created to compare
the effects of wood flour and glass flour on mechanical properties. Group 3, group 4, and
group 5 were formed to detect the change in mechanical properties.
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Table 1. Composition of the Composites (wt%)

Control group Experimental groups

Content (%) Group 1 Group2 Group 3 Group 4 Group 5 Group 6

Polyethylene 100 60 60 60 60 60

Wood flour 0 0 10 20 30 40

Glass flour 0 40 30 20 10 0
2.2 Method

Flexural, tensile, and hardness tests were performed according to ASTM D790-15
(2016), ASTM D638-22 (2022), and ASTM D2240-15 (2021), respectively. Flexural tests
were conducted using a three-point bending test procedure on an electromechanical universal
testing machine (Natek 10kN). The span length was 56 mm. The support span-to-depth ratio
was 16:1. The preload was 5 N and the test speed was 2 mm/min. The test was ended when
the load decreased to 80% of the maximum load. Tensile tests were conducted on dog-bone-
shaped test samples (Type I) as described in ASTM D638-22 (2022). The distance between
grips was 115 mm, the preload was 5 N, and the test speed was 5 mm/min. The test was ended
when the test sample broke or the load decreased to 80% of the maximum load. At the end of
the test, the elongation was noted as the elongation at break. Hardness tests were performed
on a Shore D test device, model LD-J loyka.

The SPSS statistical package program was used. The data were analyzed using a one-
way analysis of variance (ANOVA), and significant differences among groups were
determined by the Duncan multiple range test.

3 Results and Discussion

The data obtained from density, ANOVA, and Duncan tests are given in Table 2. When
the density values given in the table were examined, it was determined that the density of the
control group (group 1) was 920 kg/m3, and the densities of the test samples in the
experimental groups, which used wood and glass flour fillers, were significantly higher than
that of the control group. In addition, the effect of glass flour on the density was greater than
the effect of wood flour. The highest density was measured in group 6, which was filled with
40% glass flour. Similar results were reported by Karunanayake (2007) and Heriyanto et al.
(2018). According to Heriyanto et al. (2018), this was because the addition of small particles
of glass flour filler provided better compaction of the larger wood flour. When the Duncan
test results given for the density values in the table were examined, it was determined that
there was a statistically significant difference (P < 0.001) between groups 1, 2, 3, 4, and 5, but
this increase was not statistically significant between groups 5 and 6. In previous studies on
wood plastic composite materials, similar results were obtained regarding the density values
(Heriyanto et al., 2018; Atar et al., 2021; Friedrich 2021; Bal 2022).

Table 2. Density values, ANOVA P-values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values
X 920A* 1034B 1088C 1126D 1162E 1166E P <0.001
SsS 4.2 9.5 8.9 12.0 9.6 134

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*a, b, c)
indicating significant differences in Duncan test results
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The flexural strength and modulus of elasticity data for the obtained composite material
are given in Table 2. As the percentage of wood flour decreased and the percentage of glass
flour increased, some mechanical properties increased while others decreased. It is known that
the mechanical properties of many composite materials generally increase with the density.
However, this is not the case for every mechanical property of wood-plastic composite
materials. As listed in Table 2, the flexural strength first increased and then decreased as the
amount of wood flour decreased and glass flour increased. The highest flexural strength was
determined in the control group.

The flexural strength of the control group was 17.4 N/mm?. The lowest flexural strength
was 12.7 N/mm? in group 6 with 40% glass flour. The flexural strengths of all the
experimental (groups 2, 3, 4, 5, and 6) test samples were lower than that of the control group
(group 1) (P < 0.001). When the flexural strengths of groups 2 and 6 were compared, it was
determined that group 2 filled with wood flour had a higher flexural strength. Similar results
reported by Heriyanto et al. (2018) were related to the effects of wood flour and glass flour.
According to Tabari et al. (2011) and Heriyanto et al. (2018), this was because a weak
interfacial region leads to delamination of the particulates during flexural testing and reduces
the efficiency of the stress transfer along the matrixes.

The flexural modulus was measured as 351 N/mm? in the control group, which was the
lowest value. The highest was 741 N/mm? in group 4 (filled with 20% wood flour and 20%
glass flour). In general, as the percentage of wood flour decreased and that of the glass flour
increased, the flexural modulus first increased and then decreased. Comparing the flexural
modulus values of group 2 filled with 40% wood flour and group 6 filled with 40% glass flour
showed that group 2 had a higher flexural strength. Compared to the control group, the
flexural modulus values of the experimental groups were higher. The difference was
statistically significant (P < 0.001).

Similar results were obtained in previous studies on the flexural properties of wood-
plastic composite materials. For example, Ayrilmis, and Jarusombuti (2011) reported that the
flexural strength tended to increase as the amount of wood flour increased and then decreased
again, while the flexural modulus increased as the amount of wood flour increased.
Mengeloglu and Karakus (2008) reported that as the wood flour ratio of wood plastic
composites produced with eucalyptus wood flour and recycled high-density polyethylene
increased, the flexural strength decreased and the flexural modulus increased. Altuntag et al.
(2017) reported that as the percentage of wood flour increased, the flexural strength
decreased, but the flexural modulus increased. Cavus (2020) determined that as the wood
flour percentage of a wood-plastic composite material produced using mahogany wood and
polypropylene increased, the flexural strength and flexural modulus increased.

Table 3. Flexural test data, ANOVA P values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values
X 17.4D 14.4B 15.4C 15.9C 15.4C 12.7A*  P<0.001

Flexural Strength

N/mm? ss 05 1.0 0.8 08 06 1.1
Flexural Modulus X 351A*  686C  703CD 741D 696CD  531B  P<0.001
N/mm? ss 22 86 85 67 39 37

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C) indicating
significant differences in Duncan test results
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The load—deformation graphs obtained during the flexural tests of the test specimens
belonging to groups 1, 2, and 6 are shown in Fig. 1. These graphs show that the amount of
deformation in bending is approximately 20 mm in group 1, where it is the highest. The
smallest of approximately 16 mm was obtained in group 2. It was approximately 19 mm in
the test samples of group 6. It has been reported that materials showing large areas under the
load—deformation graphs produced by flexural tests are more flexible and have higher
deformation ability than those showing smaller areas (Ors and Keskin 2001).
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=
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Figure 2. Load—deformation curves from flexural tests (group 1, group 2, and group6)

The tensile strength, tensile modulus, and elongation at break data are given in Table 3.
The highest tensile strength was determined to be 10.1 N/mm? in group 1 and the lowest was
5.7 N/mm? in group 2. The tensile strengths of all the experimental groups (groups 2, 3, 4, 5,
and 6) were smaller than that of the control group (group 1). Similar results were reported by
Sadik et al. (2021) and Karunanayake (2007). The tensile strengths of the experimental
groups increased as the percentage of wood flour decreased and the percentage of glass flour
increased. The difference was statistically significant (P < 0.001). According to the Duncan
tests, there was no statistical difference between the tensile strengths of groups 5 and 6. The
smallest tensile modulus was 139 N/mm? in group 1, and the highest was 332 N/mm? in group
3. In contrast to the tensile strength, the tensile modulus values of all the experimental groups
(groups 2, 3, 4, 5, and 6) were greater than that of the control group. The difference was
statistically significant (P < 0.001). According to the Duncan test results, there was no
difference between groups 4, 5, and 6. The elongation at break was 219% in group 1, which
was the highest, and 4.5% in group 3, which was the lowest. The elongation at break values of
all experimental groups (groups 2, 3, 4, 5, and 6) were smaller than that of the control group.
Similar results related to plastic composites filled with glass flour were reported by Sadik et
al. (2021) and Karunanayake (2007). The difference was statistically significant (P < 0.001).
However, the difference between the Duncan test results for the experimental groups was
insignificant. The elongation at break of group 6 was greater than the elongation at break of
group 2. Similar results have been reported for the tensile strength, tensile modulus, and
elongation at break in previous studies on wood plastic composites. Mengeloglu and Karakus
(2008) determined that as the wood flour ratio of wood—plastic composites produced using
eucalyptus wood flour and recycled high-density polyethylene increased, the tensile strength
and elongation at break values decreased, and the tensile modulus increased. Similar results
were obtained in the study conducted by Atar et al. (2016) using eggplant stalks as filler. In
the study conducted by Altuntas et al. (2017), it was determined that as the percentage of
Scotch pine wood flour increased, the tensile strength decreased and the tensile modulus
increased. Akbas et al. (2013) determined that both the tensile strength and tensile modulus
decreased with an increase in the filling percentage in their study using hazelnut flour. Cavus
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(2020) reported that as the wood flour percentage of a wood-plastic composite material
produced using mahogany wood and polypropylene increased, the tensile modulus increased,
but the tensile strength and elongation at break decreased. Similar results were obtained in the
studies by Cavus and Mengeloglu (2017) and Kismet (2015). It can be said that the reasons
that these studies obtained different results are related to the characteristics of the filler and
polymer used.

Table 3. Tensile test data for composites, ANOVA P-values, and Duncan test results

Groupl Grup2 Grup3 Grup4 Grup5 Group6 P values

Tensile Strength X 10.1D 5.7A* 6.0B 6.1B 6.6C 6.6C P<0.001
N/mm?

s 0.7 0.3 05 0.4 0.4 0.3
Tensile Modulus X 139A  233B 332D  310C  292C  289C P<0.001
N/mm? s 30 29 34 25 24 39
Elongationat  x 219B  47A  45A  57A  92A  294A P<0.001
%) s 93.6 0.8 0.6 1.0 25 11.1

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C)
indicating significant differences in the Duncan test results

Stress—strain graphs were produced using the data obtained during the tensile tests.
These graphs are given in Figure 2. It can be seen that there are very important differences
between the graph of group 1, which is the control group, and the other graphs. The
elongation at break was measured as 219% in the control group. In group 2, a very rapid
decrease in the elongation at break occurred. The smallest elongation at break was measured
as 4.7% in group 2. It is thought that the elongation at break decreased because of the
weakening of the internal adhesion of the polymer matrix due to the filler.
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Figure 2. Stress-strain curves of tensile tests of the group 1, 2 and 6

The Shore D hardness values of the composites produced in this study are given in
Table 4. The hardness values of all the experimental groups were greater than that of the
control group. The Shore D hardness of group 2 was higher than that of group 6. The
differences among groups were significant (P < 0.01). As the percentage of wood flour in the
composite material decreased and the percentage of glass flour increased, the hardness value
decreased. In fact, glass is a harder material than wood. However, the amount of wood flour
added to the composite as a weight percentage was much greater than the amount of glass
flour. Therefore, as the wood flour in the composite decreased, the hardness decreased.
Similar results have been reported in previous studies. Cavus (2020) determined that the
Shore D hardness value increased as the percentage of wood flour increased in wood—plastic
composite materials produced with mahogany wood and polypropylene. Similar results were
obtained in the study by Cavus and Mengeloglu (2017) and in the study by Mengeloglu and
Cavus (2020), in which teak wood flour and rice husk were used as fillers.
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The hardness value increased with increasing filler material. In general, with the
addition of lignocellulosic or mineral-based filler to the composite, the density of the
produced composite material also increased. As a natural consequence of this, the hardness
value increased. However, it cannot be generalized that all of the mechanical properties and
modulus of elasticity of wood-plastic composite materials increase with the density. There
was no such claim in previous studies. In this study and previous studies on similar subjects,
the increase in the density of the wood-plastic material caused an increase in the static
hardness value. However, some other mechanical properties such as the tensile strength and
elongation at break decreased.

Table 4. Hardness test data for composites, ANOVA P-values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values

X 48.3A*  56.9E 58.6F 55.5D 54.0C 51.6B P <0.001

SS 1.2 0.7 0.5 0.5 11 0.7

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C) indicating
significant differences in the Duncan test results

4  Conclusions

In this study, the effects of wood flour and glass flour as filler materials on the some
properties of a polymer composite produced from recycled low-density polyethylene were
investigated comparatively. According to the data obtained, the following conclusions can be
made.

e In this study, composite materials were successfully produced using wood flour and
glass flour as fillers, along with recycled polyethylene.

e The flexural strength, tensile strength, and elongation at break values of the produced
composites decreased with the addition of filler, whereas the bending and tensile
modules increased.

e The flexural strength and flexural modulus of group 2, which used 40% wood flour,
were higher than those of group 6, which used 40% glass flour.

e The tensile strength, tensile modulus, and elongation at break of group 2, which used
40% wood flour, were lower than those of group 6, which used 40% glass flour.

e It was determined that the hardness values of all experimental groups were greater than
that of the control group. Because the volume of wood flour added to the composite was
much higher than that of glass flour, the wood flour produced a greater increase in the
hardness than the glass flour.

e Considering the flexural and tensile test results, it can be said that wood flour and glass
flour should be used in equal amounts in a wood—polymer composite.
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Siparis tipi iiretim yapan orta dl¢ekli mobilya isletmelerinde makine secimi
Mehmet Ozgiir Kuscuoglu®*(, Tuncer Dilik?

Oz

Calismada, siparis tipi tiretim yapan orta 6lgekli mobilya isletmeler i¢in makine se¢imi
konusu incelenmistir. Ulkemiz mobilya endistrisinin sektdrel olarak yakalamis oldugu
gelisimle birlikte isletmelerin sahip oldugu makine hatlar1 ve yatirimlar1 g6z Oniine
alindiginda genel olarak kapasite kullanim oranmin beklenilenin altinda oldugu
gorulmektedir. Mevcut duruma kalifiye makine operatorlerinin de eksikligi eklendiginde,
rasyonel bir yatirim ve {liretim i¢in dogru makine se¢iminin dnemi agikca ortaya ¢ikmaktadir.
Arastirmada, siparis tipi tiretim yapan orta kapasiteli panel mobilya Ureticileri igin makine
secimi incelenmistir. Bu amagla, panel mobilya imalatinin 6nemli ¢ temel (retim prosesi
(ebatlama, kenar bantlama ve delik delme islemleri) i¢in CNC, PLC kontrolli veya
konvansiyonel olmasina bakilmaksizin makine tipinin se¢imi yapilmistir. Calismada yontem
olarak cok kriterli karar verme yontemlerinden biri olan AHP (Analitik Hiyerarsi Siireci)
yontemi kullanilmistir. Sonug olarak, orta 6lgekli mobilya isletmeleri igin, incelenen Uretim
proseslerine yonelik uygun bir makine veya makine tipi kombinasyonlar1 secilerek, rasyonel
bir yatirnm ve optimum kapasite kullanim oranlarina ulasilabilecegi Onerisi getirilmeye
calisiimastir.

Anahtar kelimeler: Makine Segimi, Panel Mobilya Imalat1, Siparis Tipi Uretim

Machine choosing for custom manufacturing in medium scale furniture
businesses

Abstract

In the study, the subject of machine choosing for medium-scale furniture companies that
make custom production has been examined. With the sectoral development of our country's
furniture industry, considering the machinery lines and investments of the enterprises, it is
seen that the capacity utilization rate is generally below the expectations. When the lack of
qualified machine operators is added to the current situation, the importance of choosing the
right machine for a rational investment and production becomes clear. Machine selection for
medium-capacity panel furniture manufacturers making custom production has been
examined in the research. So, the choice of machine type has been made for the three
important basic production processes of panel furniture manufacturing regardless of whether
it is CNC, PLC controlled or conventional. AHP, which is one of the multi-criteria decision-
making methods, was used as a method in the study. As a result, it has been tried to suggest
that a rational investment and optimum capacity utilization rates can be achieved by selecting
a suitable machine or machine type combinations for the production processes examined for
medium-scale furniture enterprises.

Keywords: Machine Choosing, Panel Furniture Production, Custom Production
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1 Giris

Agag isleme makineleri sektoriiniin, agag isleme ve kesme teorisindeki gelismeleri
blylk o6l¢iide tamamladigi, yeni teknolojiler ve bilisim entegrasyonu ile gelisimini
stirdirdiigi goriilmektedir. Ayrica, bilgisayar destekli tasarim (CAD) ve dretimin CAM)
entegrasyonu ile mobilya sanayi isletmeleri genel olarak mevcut iiretim kapasitelerini tam
olarak kullanamama ve kalifiye eleman ihtiyaci gibi sorunlarla kars1 karsiya kalmaktadir. Bu
baglamda, rasyonel yatirimmn uygun makine se¢iminden gectigi ilkesinden hareketle bu
calismada siparig tipi Uretim yapan orta Olgekli isletmelerin makine sec¢imi konusu
incelenmistir. Calisma, “AB Siirecinde Tiirkiye Agac Isleme Makineleri Sektorii” isimli
doktora tezinden yararlanilarak hazirlanmistir. Bilindigi iizere CNC makineleri kullanacak
operatorlerin geleneksel makinelerden farkli olarak temel CNC bilgisine, en azindan bazi
ayarlart degistirebilecek kadar PLC (Programmable Logic Controller) bilgisine ve
kullanacaklar1 makinenin 6zelliklerine sahip olmalar1 beklenmektedir. Ancak yapilacak ise,
isletmenin kapasitesine ve tiretim sekline uygun olmayan makinelerin se¢imi, geregi gibi
kullanilmayan ve atil durumda bekletilen makinelerin varhigi Ulke ekonomisine ylk olarak
degerlendirilmektedir. Bu caligma, iilkemizdeki mobilya isletmelerinin yogunlugunun yani
sira sektorel agirligi ve tercih edilmekte olan iiretim sekli dikkate alinarak panel mobilya
ureticisi olan orta blyukltkteki firmalar Gzerinden gergeklestirilmistir.

Arastirmada, panel mobilya iiretim hatt1 icin CNC, PLC kontrollii veya konvansiyonel
olan makine tipi se¢imi yapilmistir. Panel ebatlama, kenar bantlama ve delik delme gibi ii¢
ana proses, c¢alismaya dahil edilmistir. Calismada, siparis tipi iretim yapan orta Olcekli
isletmeler i¢in bir makine tipi veya makine tipi kombinasyonu modellemesi hedeflenmistir.

Ote yandan literatiir ¢alismalarina gore; Diinya AIM sektdriindeki gelismislik diizeyi
gdz oOniine alindiginda, Tiirkiye Aga¢ Isleme Makinalar1 sektdriiniin teknoloji anlaminda
benzer bir gelisim gosterdigi, ancak Uriin-makine ¢esitliligi ve satig sonrasi hizmet (Yatirim-
Uretim) agisindan yetersiz oldugu goriilmektedir. Bu calismani amaci; sektoriin bu alandaki
eksikliklerinin giderilmesine de katki saglanmaktir (Sofuoglu ve Kurtoglu 2013; Kurtoglu ve
Dilik 2020; Kurtoglu ve Dilik 2018; Kuscuoglu 2022).

1.1 Mobilya sektortiinde makine secimi ve etkili faktorler

Literatiir calismalarinda da belirtildigi gibi, genel olarak makine se¢iminde birgok faktor
etkili olmaktadir. Mobilya sektdriinde yaygin olarak kullanilan mobilya tiirii panel
mobilyadir. Panel mobilya ayn1 zamanda kabin tipi mobilya veya kutu mobilya olarak da
adlandirilir. Panel mobilya iiretiminde yongalevha, liflevha, kontrplak, masif panel gibi panel
tirtinleri kullanilmaktadir. Panel mobilya tiretiminde genellikle seri tiretim sekli kullanilmakta
olup, makine parkurunda bulunan makineler arasinda, is pargalarinin miimkiin oldugunca
geriye dogru hareket etmemesi esastir. Ote yandan gelisen teknoloji ile artan talep cesitliligi,
mobilya sektoriinde siparis tipi iiretimin agirligini ve onemini artirmaktadir. Bu baglamda,
genel olarak makine se¢imini etkileyen faktorler su sekilde 6zetlenebilir; (Sofuoglu 2001;
Kobu 2008; Kurtoglu 2010; Sofuoglu ve Kurtoglu 2013; Kurtoglu ve Dilik 2018; Kurtoglu ve
Dilik 2020;)

1. Uretim sekli (Seri, Siparis Tipi, Bilesik vb.) ve kapasite

2. flerleyen donemlerde iiretilmesi planlanan iiriin gesitleri

3. Makinelerin kapasite bakimindan birbirleri ile uyumu

4. Makinelerin teknoloji agisindan birbirleri ile uyumlulugu
5. Parga boyutlarina bagli olarak makineler arasindaki mesafe
6. Makinelerin tamir, bakim ve kullanim kolaylig1
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7. Makinelerin fiyati

8. Makinelerde ¢alisma giivenligi
9. Fayda - maliyet analizi

10. Makine operat0rt maliyetleri

Gelisen teknoloji ile birlikte hem yasam tarzindaki degisimlerin hem de yasam tarzina
bagli olarak gelisen trendlerin makine se¢im kararlarina hizli etkisi her alanda oldugu gibi
literatiir caligmalarindan da agikca goriilmektedir. Giinlimiizde tiiketici taleplerinin ve rekabet
kosullarinin artmasi1 nedeniyle seri iiretim yapan isletmeler, {iretim kosullarini 6zel liretime
benzer sekilde sekillendirmeye baslamislardir. Bu durum, mobilya sektoriinde kullanilan
makinelerin hazirlik siirelerinin 6nemini artirmis ve iiretimde esnekligi 6n plana ¢ikarmstir.
Ayrica, dikkat edilmesi gereken unsurlardan biri de Uretim kapasitesidir. Teknik kapasite,
ekonomik kapasite, maksimum kapasite, fiili kapasite ve amaclanan iiretim miktarina bagh
olarak belirlenen optimum kapasite degerleri (ilhan ve Burdurlu, 1993) makine seciminde
onemli rol oynamaktadir. Bu duruma mobilya sektorii agisindan bakildiginda makine
seciminde One ¢ikan kriterler fiyat, kullanim kolayligi, kapasite, esneklik, isleme kalitesi ve
makinenin kapladigi alan gibi faktorlerdir. Arastirma kapsaminda 6zel bir isletmeye
odaklanilmadigi i¢in tim kriterler arasinda sadece fiyat, kullanim kolayligi, kapasite ve
esneklik faktorleri dikkate alinmaya calisilmistir (Kurtoglu ve Dilik 2020; Kuscuoglu 2022).

1.2 Cok olgutli karar verme yontemleri

Karar verme, istenilen hedefe ulasabilmek icin, gerekli kosularda uygulanan diisiince ve
hareket bigimlerinin belirlenmesi ve en uygun olanin secilmesidir. Karar vermede birgok
alternatifin olmasi, hangi segenegin secilmesi gerektiginden siiphe duyulmasi, karar verme
problemine neden olmaktadir. Bu nedenle, karar verme probleminin ¢oziimiinde asagida
belirtildigi gibi bircok kritere (6lcut) dikkat edilerek séz konusu karar verme problemi
¢Ozlime ulastirilmaya calisilir. Bu kriterler;

Amacin ne oldugu,

Belirlenen hedef

Icinde bulunulan gevresel etkenler

Karar vericinin durumu

Alternatifler

Sonuca ulasma seklinde belirtilmektedir. (URL 1)

Literatiirde ¢ok Olgiitlii karar verme olarak bilinen problemlerin ¢dziimii amaciyla
arastirmacilar tarafindan klasik ya da bulanik mantik temelli birgok yontem kullanilmaktadir.
Bunlar; Analitik Hiyerarsi Siireci, (AHP), Analitik Ag Siireci (AAS), MAUT, UTA,
MACBETH, PROMETHEE, ELECTRE I-1I-11l, TOPSIS, UTADIS, FlowSort, GAIA ve FS-
Gaia gibi yontemler olarak belirtilmektedir. (Uludag ve Dogan, 2016)

Arastirmada, ¢ok Olcutll karar verme yontemlerinden AHP (Analitik Hiyerarsi Prosesi)
yontemi, matematiksel islemler ve anlasilabilirlik agisindan kullanicilara 6nemli kolayliklar
saglamasit ve tek basina kullanilabilme olanaginin bulunmasi gibi avantajlari nedeniyle
secilmistir. Calismada, panel mobilya imalatinin, makine hatt1 i¢in en 6nemli {i¢ prosesi olan,
panel ebatlama, kenar bantlama ve delik delme islemleri icin CNC, PLC kontrollii veya
konvansiyonel olmasina bakilmaksizin, makine tipinin se¢imi tizerinde durulmustur. (URLZ;
Tas, 2010)
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2 Materyal ve Metot
2.1 Materyal

Arastirma, panel mobilya imalati alaninda faaliyet gosteren, siparis tipi Uretim tirinde
faaliyet gosteren firmalar lizerinde hazirlanmistir. Calismada, makine se¢iminde mobilya
iiretiminde darbogaz olusumuna en ¢ok maruz kalan asamalar olarak bilinen panel ebatlama,
kenar bantlama ve delik delme islemleri esas alinmistir. Panel ebatlama, kenar bantlama ve
delik delme islemlerinde kullanilan farkli tipteki makineler, farkli kapasiteler tizerinden ele
alinmaktadir.

2.2 Metot

Arastirmada, avantajlar1 nedeniyle ¢ok kriterli karar verme yontemlerinden biri olan
AHP (Analitik Hiyerarsi Siireci) yontemi uygulanmistir. Bu amagla olusturulan matrislerde
kullanilan ikili karsilastirma puanlamasindaki degerler ve karsiliklar1 asagida Cizelge 1°de
gosterilmistir.

Cizelge 1. Puanlama 0lcek tablosu

Onem degerleri Deger tanimlar:

Esit Onemde

Biraz Daha Onemli (Az Ustiinliik)
Oldukca Onemli (Fazla Ustiinliik)
Cok Onemli (Cok Ustiinliik)

Son Derece Onemli (Kesin Ustiinliik)
2,4,6ve8 Ara Degerler (Uzlagma Degerleri)

O ~NO1TWEk

Calismada her bir iiretim stireci i¢in agagidaki senaryolar olusturulmus ve uygun makine
secim kararlarina ulasilmaya ¢aligilmistir.

Senaryo 1: Siparis tipi Uretim, panel ebatlama, gtinlik 100 levhaya kadar.
Senaryo 2: Siparis tipi tiretim, kenar bantlama, gtinlik 3200 metreye kadar.
Senaryo 3: Siparis tipi tiretim, delik delme, giinlik 1200 ytizeye kadar.
Senaryo 1 ig¢in, alternatifler arasindan panel ebatlama makinesi, senaryo 2 igin,
alternatifler arasindan kenar bantlama makinesi, senaryo 3 i¢in ise, alternatifler arasindan
delik delme makinesi secilecektir.

Makine se¢imi kararlari igin, literatiir bilgilerinde de belirtildigi gibi, makine seciminde
etkili faktorler esas alinarak asagidaki gibi belirlenmistir; (Sofuoglu, 2001; Kurtoglu, 2010;
Sofuoglu ve Kurtoglu, 2013; Kurtoglu ve Dilik, 2018; Kurtoglu ve Dilik, 2020).

Uretim bicgimi (seri, siparis, karma vs.) ve kapasite
Sonraki dénemlerde Uretilmesi planlanan Grln ¢esitleri
Kapasite acisindan makinelerin birbirleriyle uyumu
Teknoloji agisindan makinelerin birbirleriyle uyumu
Parca boyutlarina bagli olarak, makineler aras1 mesafe
Makinelerin, onarim, bakim ve kullanim kolaylig1
Makinelerin fiyati

Makinelerde calisma giivenligi

Fayda ve maliyet analizi

Makine operatorii maliyetleri.
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Mobilya endiistrisinin 6nde gelen firmalariyla goriismeler yapilmis, iiretim hatlarinin
son sekli incelenmis, gereksinimleri lizerinde tartisilmis ve sonugta se¢imi yapilacak makine
tipleri ile se¢im kriterleri, belirlenmistir.

Senaryolarin olusturulmasinda; {iretim siiregleri ve kapasiteleri ayr1 ayri harmanlanmis
ve karsilastirma matrislerine gére uygun makine se¢imi yapilmistir. Sonu¢ olarak, fiyat,
kapasite, kullanim kolayligi ve esneklik olmak iizere 4 farkli karsilagtirma kriteri
belirlenmistir.

Omegin ilk senaryoda; giinde 100 adede kadar levha ebatlama kapasitesi olan siparis
tipi Uretim yapan bir firma icin, panel ebatlama makinesine ait kriterlerde, "Fiyat", "Kapasite",
“Kullanim Kolaylig1” ve “Esneklik” kriterlerinin her biri ig¢in toplamda 4 farkli matris
olusturulmustur ve birbirlerine karsi iistlinliikleri belirlenmistir. Analitik hiyerarsik proses
adimlari alt1 ana madde altinda toplanabilir;

Problem tanimlanir ve amag belirlenir
Kriterler belirlenir
Alternatifler belirlenir
Problemin hiyerarsik yapis1 olusturulur
Ikili karsilastirma matrislerinin olusturulur ve dncelik vektorleri hesaplanir
Tutarlilik analizi yapilir
Alternatifler siralanir (Tas, 2010; Kusguoglu, 2022)
Bu amacla, konusunda uzman bes miihendisten destek alinmis olup, katkida bulunan
uzmanlar su sekilde tanimlanmaktadir;

Noogor~whPE

Uzman 1: Agag isleri endiistri yiiksek miihendisi. Aga¢ isleme makineleri konusunda
uzman.

Uzman 2: Orman endustri mihendisi. Panel mobilya tretimi konusunda uzman.

Uzman 3: Orman endustri mihendisi. Agag isleme makineleri konusunda uzman.

Uzman 4: Orman endustri miihendisi. Agag isleme makineleri konusunda uzman.

Uzman 5: Orman endustri yliksek mihendisi. Aga¢ isleme makineleri konusunda
uzman.

Calismaya katilan uzmanlar, Cizelge 1’de sunulan Olgek tablosuna gore, olusturulan

matrislerde puanlama yapmuislardir.

3 Bulgular ve Tartisma

Calisma kapsaminda incelenen her 3 senaryo i¢in, elde edilen verilerin tutarlilik testleri
yapilmigtir.  Kriterlerin  birbirlerine  gore stiinliikleri  sayisallastirildiktan  sonra,
normallestirme matrisi uygulanarak, makine alternatifleri arasinda en uygun segim
optimizasyonu belirlenmistir. Kullanilan ¢izelgelerde, kriterler oldugu gibi yazilmas,
alternatifler ise kisaltmalariyla kullanilmistir. Calismada kullanilan alternatifleri olusturan
makine veya makine kombinasyonlarina ait kisaltmalar sunlardir;

e DE : Dikey Ahsap Levha Ebatlama Makinesi

e CNCB : CNC Ahsap Levha Isleme Merkezi (Diiz Tablal1)

e CNCB+DE : CNC Ahsap Levha Isleme Merkezi (Diiz Tablal) + Dikey Ahsap
Levha Ebatlama Makinesi

o YEF : CNC Ahsap Levha Ebatlama Makinesi (Onden Yiiklemeli)
o KB14 : Tek Tarafli Kenar Bantlama Makinesi (< 14 m/dak.)
o KB20 : Tek Tarafli Kenar Bantlama Makinesi (< 20 m/dak.)
o KB20U : Tek Tarafli Kenar Bantlama Makinesi (> 20 m/dak.)
e 2KB20 : 2 Adet Tek Tarafli Kenar Bantlama Makinesi (> 20 m/dak.)
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e CNCB+12D :CNC Ahsap Levha Isleme Merkezi (Diiz Tablal1) + 1 Yatay, 2 Dikey
Kafali Coklu Delik Delme Makinesi

e MCD+12D : Manuel Coklu Delik Delme Makinesi + 1 Yatay, 2 Dikey Kafali
Coklu Delik Delme Makinesi

e MCD + CNCB : Manuel Coklu Delik Delme Makinesi + CNC Ahsap Levha Isleme
Merkezi (Diiz Tablalr)

e NCD : CNC Coklu Delik Delme Makinesi

Aragtirmada incelenen her bir proses i¢in olusturulan senaryolara yonelik karar verilen
makine alternatifleri agagidaki gibi belirlenerek secilmistir.

1. Senaryo i¢in (Giinliik 100 levhaya kadar panel ebatlama); 2 Adet Dikey Ahsap Levha
Ebatlama Makinesi (2DE), CNC Ahsap Levha Isleme Merkezi (Diiz Tablali), CNC Ahsap
Levha Isleme Merkezi + Dikey Ahsap Levha Ebatlama Makinesi (CNCB + DE), Onden
Yiiklemeli CNC Ahsap Levha Ebatlama Makinesi (YEF),

2. Senaryo icin (Glnlik 3200 metreye kadar kenar bantlama); Tek Tarafli Kenar
Bantlama Makinesi (< 14 m/dak.), Tek Tarafli Kenar Bantlama Makinesi (< 20 m/dak.), Tek
Tarafli Kenar Bantlama Makinesi (> 20 m/dak.), 2 Adet Tek Tarafli Kenar Bantlama
Makinesi (> 20 m/dak.),

3. Senaryo icin (Gunliik 1200 yiizeye kadar delik delme); CNC Ahsap Levha isleme
Merkezi (Diiz Tablal) + 1 Yatay 2 Dikey Kafali Coklu Delik Delme Makinesi (CNCB +
12D), Manuel Coklu Delik Delme Makinesi + 1 Yatay 2 Dikey Kafali Coklu Delik Delme
Makinesi (MCD + 12D), Manuel Coklu Delik Delme Makinesi + Diiz Tablali CNC Ahsap
Levha Isleme Merkezi (MCD + CNCB), CNC Coklu Delik Delme Makinesi (NCD)’dir.

Normallestirme matrislerinde kullanilan CI, tutarlilik indeksini, RI, rassal indeksi ve CR
ise tutarlilik oranimmi simgelemektedir. Her 3 senaryo i¢in elde edilen arastirma bulgulari,
cizelgeler halinde asagida sunulmakta olup; Cizelge 2’de, Senaryo 1 Kriterleri igin
normallestirme matrisi olusturulmus, CR (Tutarlilik Orani) degeri 0,1’in altinda ¢ikmis ve
uzman yanitlarinin tutarliligi dogrulanmistir.

Cizelge 2. Senaryo 1 igin kriterler normallestirme matrisi

: m 29 I
NORMALLESTIiRME > = Z 3 3
> < 2 < > v,
MATRISIH > < 3= 0
(KRITERLER) = S = 2 Z  Agirlik
< o m (W) V. VIW
FIYAT 0,0833 00625 00625 0,071 0,0789  0,3167 4,0151
KAPASITE 0,2500  0,1875 01875  0,1786 0,2009  0,8115 4,0395
KULLANIM
KOLAYLIGI 0,2500  0,1875  0,1875  0,1786 0,2009  0,8115 4,0395
ESNEKLIK 04167 05625 05625 05357 05193 2,1190 4,0802
1,0000 4,0436

Cl  0,014527993
Rl 0,882
CR _CI/RI=0,0165

Senaryo 1 icin, alternatiflerin aldig1 puanlar Cizelge 3’te ve 6ne c¢ikan makine Sekil
1’de verilmistir. Karar matrisi sonuglarina goére en yiiksek puani1 6nden yiiklemeli CNC yatay
levha ebatlama makinesi (YEF) almistir.
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Cizelge 3. Senaryo 1 icin karar matrisi

m 25 M i
. > E =3 3 - o
KARAR MATRISi < 2 I 2 = 2
(SENARYO 1) s A 35 2 = o)
= é 52 7 = 03]

¥ = N
2DE 41030 4,0079 42083 4,0093 4,0151 66,0217
CNCB 40152 40223 40954 40668 X 40395 = 655061
CNCB+DE 4,0408 4,0223 4,0954 4,0668 4,0395 65,6089
YEF 40152 40790 46023 4,0327 4,0802 67,6438

Onden yiiklemeli CNC yatay ebatlama makinesine ait gorsel Sekil 1°de sunulmustur.

Sekil 1. Onden yiiklemeli CNC yatay ebatlama makinesi (URL 2)

Cizelge 4°te, Senaryo 2 kriterleri i¢in olusturulan normallestirme matrisi sunulmustur.

Cizelge 4. Senaryo 2 igin kriterler normallestirme matrisi

@ 25 M
NORMALLESTiRME < 3 %5 2
MATRISI (KRITERLER) E - < = §
é 50 n Agirlik
NV, = (W) V. VW
FIYAT 0,1111 0,1250 0,0667 0,1250 0,1069  0,4299  4,0195
KAPASITE 0,3333 0,3750 0,4000 0,3750 0,3708 15167  4,0899
KULLANIM KOLAYLIGI  0,2222 0,1250 0,1333 0,1250 0,1514 0,6125  4,0459
ESNEKLIK 0,3333 0,3750 0,4000 0,3750 0,3708 15167  4,0899
1,0000 4,0613
cl 0,02042728
RI 0,882
CR CI/R1=0,0232

Senaryo 2 i¢in karar matrisi, Cizelge 5’de verilmistir. Bu matrise gore en yliksek puani
alarak sec¢ilen makine KB20 (Hiz1 dakikada 20 metreye kadar olan tek tarafli kenar bantlama

makinesi) olmustur.
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Cizelge 5. Senaryo 2 icin karar matrisi

= 28 &
KARAR = = Z3 3 - 1S4
MATRISi N 2 Sz = & >
- £ 3z & 2 2
(SENARYO 2) = 2 3 = Z > Q
¥ 2 = M
KB14 42222 4,0408 4,2222 4,0362 4,0195 67,0875
KB20 41747 4,0362 4,1747 41747 X 40899 = 67,2516
KB20U 4,0362 4,1747 4,0408 4,0408 4,0459 66,1725
2KB20 4,0408 4,2222 40362 4,2222 4,0899 67,1084

Cizelge 5 icin 6rnek makine Sekil 2’de verilmistir.

Sekil 2. Tek tarafli kenar bantlama makinesi (< 20 m/dak.) (URL3)

Senaryo 3 i¢in kriterlerin normallestirme matrisi Cizelge 6’da sunulmustur. CR degeri
0,0165 olarak bulunmustur.

Cizelge 6. Senaryo 3 kriterler normallestirme matrisi

a 28 ¥
. = = Z 3
NORMALLESTIRME < 2 %z E
MALLE <
MATRISI (KRITERLER) z 3 =k 2 Ak
< 2 (W) V. VW
FIYAT 0,0833 0,0625 0,0625 0,071 0,789 03167 4,0151
KAPASITE 0,2500 0,1875 0,1875 0,1786 02009 08115 4,0395
KULLANIM KOLAYLIGI 02500 0,1875 0,1875 0,1786 0,2009 08115 4,0395
ESNEKLIK 0,4167 05625 0,5625 05357 0,5193 2,1190  4,0802
1,0000 4,0436
Cl 0,014527993
RI 0,882
CR CI/R1=0,0165

Cizelge 7°de, Senaryo 3 igin olusturulan karar matrisi verilmistir. Senaryo 3 icin (Delik
delme prosesi) CNC ahsap levha isleme merkezi (Diiz Tablali) + 1 yatay, 2 dikey kafali coklu
delik delme makinesi kombinasyonu en yiiksek puani alarak one ¢ikmustir.
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Cizelge 7. Senaryo 3 karar matrisi

m 25 i
KARAR > £ Z3 a 2 04
MATRIiSI = < 3z 5 a Z
(SENARYO 3) = 3 5 2 Z 5 2
¥ = o
CNCB+12D 4,0395 4,0737 41747 4,1747 4,0151 66,5718
MCD+12D 4,0802 4,0175 4,0408 40408 X 40395 = 654217
MCD+CNCB 4,0151 4,0737 4,0362 4,2222 4,0395 66,1083
NCD 4,0395 41305 4,2222 4,0362 4,0802 66,4284

Senaryo 3 i¢in 6ne ¢ikan makine kombinasyonu Sekil 3’te sunulmustur.

Sekil 3. Diiz tablali CNC ahsap levha isleme merkezi ve 1 yatay 2 dikey kafali ¢oklu delik
delme makinesi (URL4, URLD5)

4 Sonuglar ve Oneriler

Mobilya sektdriinde agirligi ve énemi giderek artan siparis tipi tiretim igin orta 6lg¢ekli
isletmelere yonelik makine se¢imi tercihleri ve ortaya konan oneriler asagida sunulmustur;

o Kapasitesi giinliik 100 levhaya kadar olan bir isletme i¢in, 6nden ylklemeli CNC ahsap
levha ebatlama makinesi (YEF) ilk sirada yer almistir.

e Siparis tipi tiretim i¢in glinlilk 1600 metreye kadar kenar bandi kullanan bir firma i¢in
alternatifler arasinda One ¢ikan kenar bantlama makinesi, besleme hizi 20 m/dk’ya
kadar olan tek tarafli kenar bantlama makinesidir.

e Siparis tipi iretimin son prosesi delik delme isleminde, bazi1 durumlarda sadece tek
yiizeye delik delinmediginden, parca degil, yiizey sayisi lizerinden gidilmistir. 3.
senaryo olan siparis tipi tretimde, giinliik 1200 yilzeye kadar kapasiteyle Gretim
yapildigi durumlarda, CNC ahsap levha isleme merkezi ve 1 Yatay, 2 dikey kafali ¢coklu
delik delme makinesi (CNCB + 12D) kombinasyonu 6n plana ¢ikmistir. Delik delme
islemlerinde 6nemli bir parametre olan delik yogunlugu (Bir yiizeye ne ¢esit, ka¢ delik
delinecegi gibi) dikkate alinmamastir.

Calismada, makine secimi siirecinde, aga¢ isleme makineleri markalari ve modelleri,
uretim yerleri, Grin kalitesine etkileri goz ard1 edilerek, 6zellikle makine tipleri zerinde
durulmus ve temel bir sablon ortaya konulmustur. Bu nedenle, Diinya ticaretindeki global
trendlerin etkisi de g6z Oniine alinarak, markalagma siireclerini tamamlamis farkli agac isleme
makinelerinin, isleme kaliteleri ve hizmet dmiirleri gibi konularda da ¢alismalarin yapilmasi
tesvik edilmelidir.

Tesekkiir
Bu ¢alisma Mehmet Ozgiir Kuscuoglu isimli yazarin doktora tezinden hazirlanmustir.

Yazar Katkilar
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Mehmet Ozgiir Kuscuoglu: Verilerin elde edilmesi, verilerin analiz edilmesi ve
yorumlanmasi, makalenin yazilmasi. Tuncer Dilik: Calisma konusunun belirlenmesi,
verilerin analiz edilmesi, makalenin yazilmasi ve yaymlanmasi.

Finansal destek beyani
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Effect of fungal infection on physico-mechanical resistance of WPC made
from thermally treated wood/PP

Seyyed Khalil Hosseinihashemi'*, Farhad Arwinfar®

Abstract

The effect of fungal decay on the physico-mechanical characteristics of thermally
treated wood flour-plastic composites was determined. Firstly, the wood chips (Fagus
orientalis L.) were treated thermally for 30 and 120 minutes at various temperatures (120,
150, and 180 °C) under saturated vapour in a steaming vessel and they were ground by Wiley
mill machine. Then, polypropylene, thermally treated wood flour, and MAPP as
compatibilizer were used by melt compounding and injection molding process. Some physical
and mechanical parameters were measured prior to and after fungal (Trametes versicolor)
infection for 6 weeks. The flexural strength, flexural modulus, and impact strength of
undecayed and decayed WPCs at 180 °C for 120 min and at 150 °C for 30 min increased,
respectively, but the water uptake and thickness swelling of WPCs decreased at 180 °C for
120 min. The wood particles of WPCs treated at 180 °C for 120 minutes had the least mass
loss. The mechanical property parameters were reduced after fungal infection. Moreover, the
results showed that the moisture sorption and thickness swelling for all formulations of
unrotted specimens were significantly lower than that of white-rotted specimens.

Keywords: Fungal decay, thermally treated wood, physical and mechanical properties,
decay resistance, WPCs

Mantar enfeksiyonunun 1s1l islem géormiis odun/PP kompozitlerin fiziko-
mekanik direncine etkisi

Oz

Mantar ¢iirimesinin 1s1l islem gormiis odun unu-plastik kompozitlerin fiziko-mekanik
ozellikleri {izerindeki etkisi belirlendi. ilk olarak, odun talaslar1 (Fagus orientalis L.) buharl
bir kazanda doymus buhar altinda ¢esitli sicakliklarda (120, 150 ve 180 °C) 30 ve 120 dakika
termal isleme tabi tutulmus ve Wiley degirmen makinesinde ogiitiilmiistiir. Daha sonra
polipropilen, 1s1l islem gérmiis odun unu ve uyumlastirict olarak MAPP eriyik birlestirme ve
enjeksiyon kaliplama islemi kullanilmigtir. Bazi fiziksel ve mekanik parametreler mantar
(Trametes versicolor) enfeksiyonundan dnce ve sonra 6 hafta boyunca dl¢lilmiistiir. 180°C'de
120 dakika ve 150°C'de 30 dakika boyunca bozulmamis ve ¢lirimiis WPC'lerin egilme
direnci, elastikiyet modulli ve darbe direnci sirasiyla artti, ancak WPC'lerinsu alma ve
kalinligina sigmesi 180°C'de 120 dakika boyunca azaldi. 180 °C'de 120 dakika muamele
edilen WPC'lerin ahsap pargaciklart en az kiitle kaybina sahipti. Mekanik 6zellikler, mantar
enfeksiyonundan sonra azaldi. Ayrica sonuglar, ¢iiriimemis numunelerin tiim formiilasyonlari
icin su alma ve kalinligina sismesinin beyaz ¢iiriiklik numunelerden 6nemli Gl¢iide daha
diisiik oldugunu gdstermistir.

Anahtar kelimeler: Mantar ¢iiriimesi, 1s1l islem gormiis ahsap, fiziksel ve mekanik 6zellikler,
clirlime direnci, OPK’lar
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1 Introduction

Wood as an important natural and renewable resource is available in large volumes at
low cost with many excellent properties that have been used for many applications. In fact,
the application of wood as raw and unprotected in many uses gives added value to final
products. Usually, wood as a raw material for final consumer products possesses a number of
properties that limits its application (Kozhin and Gorbachev, 2011). Wood as a lignocellulosic
polymer absorbs the humidity easily and this phenomenon changes its characteristics and
dimensional stability. It can cause bio-deterioration if the water absorption of wood does not
protect (Oksman Niska and Sain, 2007; Clemons, 2008).

Heat treatment is an environmentally friendly wood modification method that has been
widely used in the last decades to improve the properties of wood material and does not use
harmful chemicals during the process (Poncsak et al. 2011; Jirou$-Rajkovi¢ and Mikleci¢,
2019). Heat-treated wood has many applications for exterior applications such as decks,
cladding, garden furniture, terraces, fences, doors, and windows as well as interior uses such
as kitchen furniture, cabinets, decorative wall panels, parquet, sauna benches, and panels
(Esteves and Pereira, 2009; Cui and Matsumura, 2019).

A polymer matrix forms the continuous phase surrounding the chemical component of
wood in the wood-plastic composites (WPCs). These matrix polymers are typically low-cost
commodity polymers which soften easily when they are heated that allow considerable forms
when wood is combined with them. These synthetic materials absorb little moisture and they
can be efficient barriers against moisture penetration by a well-designed composite (Oksman
Niska and Sain, 2007; Clemons, 2008). Due to specific applications, wood composites need
protection against the influences of moisture, climatic conditions, biological attack (rot,
beetles, termites, marine animals) and fire (Gardner et al. 2003). Heat treatment as a technique
is intended in order to improve the dimensional stability and durability of wood-based
composites. Heat treatment of wood at conditions with low time and temperature can lead to
protect the chemical composition of the wood cell wall polymers but there is need high
temperature (more than the melting point of the holocellulose and lignin) to improve of the
material ductility through strengthening. The resistance of grain boundaries to intergranular
cracking and annealing is a necessary process to obtain a well-defined structure with superior
mechanical properties (Hill, 2006). The mechanism that increases the rot resistance depends
on the loss of the cellulose and hemicellulose in addition to the low moisture absorption of the
cell wall. By reducing the hydroxyl groups from the wood cell wall structural components, the
ability of enzymes to metabolize the substrate and/or the mode of action of low molecular
weight diffusible reagents may be affected and reduced, also. It should be noted that the
formation of biocidal chemicals is possible due to the heat treatment (Hill, 2006).

One of the effective thermal treatment methods that have been implemented by several
researchers is hydrothermal treatment (Tjeerdsma and Militz, 2005; Endo et al. 2016). The
time and temperature of treatment affect the efficiency of hydrothermal treatment (Saliman et
al. 2017). Furthermore, the media of heating also plays an important role. Heat treatment of
beech wood in acidic, neutraland alkaline buffered solutions was evaluated by Talaei and
Karimi (2015) and they observed that treating of wood by using different buffered media can
lead to changes in the mechanical properties.

The impact of different times and temperatures of heating in the air upon the durability
of modified wood against T. palustris has been investigated (Kim et al. 1998). The
relationship between the heating period and mass loss due to fungal rot was modelled using a
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regression equation. As the heating period and temperature increased, the decay resistance
was improved. It was predicted by numerical analysis that degradation resistance comparable
to the absorption of 1% CCA treatment was obtained by applying heat for 150 hours at 150
°C. Kamdem et al. (2000) also found that toxic by-products can be produced that can stop the
growth of fungi due to thermal modification.

Based on the findings of Percin (2022), all parameters of the air-dried density,
equilibrium moisture content (EMC), surface roughness, bonding strengths of the black pine
(Pinus nigra A.) and larch (Larix deciduas) woods decreased depending on the heat treatment
conditions. The density and EMC values of the control specimens were higher than the heat-
treated samples.

Arwinfar et al. (2016) and Hosseinihashemi et al. (2022) discuss the mechanical
properties and long-term hygroscopic thickness swelling rate of heat-treated wood particle
WHPCs in different conditions; they found that the acceptable treatment to make the WPC was
150 °C for 30 minutes for mechanical strength; 120 °C for 30 min and 150 °C for 30 minutes
for long-term hygroscopic thickness swelling rate. Moreover, the micromorphology images of
the composites produced from the wood heated at the aforementioned conditions showed that
there are considerably fewer pores and so broken fiber ends embedded in the matrix of
polymer.

The water absorption kinetics of the heat-treated beech wood plastic composites were
investigated by Hosseinihashemi et al. (2016). They observed that by increasing the intensity
of the heating condition and soaking period, the water absorption decreased than the control
composites. In addition, minimum water absorption was observed in composites with wood
content that were heat treated at 180 °C for 120 minutes.

Lengowski et al. (2021) demonstrated that while there are significant chemical changes
in wood material after heat treatment, hemicelluloses are the most affected compound. The
effect of heat treatment on the shear strength of wood was assessed by Can et al. (2021). They
reported that shear strength decreased significantly after heat treatment and that reduced
chemical bonding or mechanical interlocking of adhesives, and the reduced strength of the
brittle heat-treated wood might be responsible for the severity of conditions. Durmaz et al.
(2019) measured the changes in the physical properties of the heat-treated wood, whereby the
density and EMC declined with the increased treatment conditions. In a similar study, Bal
(2015) reported that the density and EMC values of wood decreased after heat treatment.
Decreases in EMC values depending on the heat treatment temperatures were also reported by
Aytin et al. 2015.

In the literature, the physico-mechanical properties of the WPCs made from heat treated
wood and non-wood materials were commonly evaluated. However, little information is
available on the effect of fungal infection on the weight loss, water resistance, and bending
and impact strengths of WPCs made from thermally treated wood. In addition, beech (Fagus
sylvatica L.) wood is widely used in construction and building materials as well as wood-
based composites industries. On the other hand, the use of thermal-treated wood material is
increasing in the industries. So, it is important to determine the relationship between the
fungal infection (Trametes versicolor) of the heat-treated wood material and physico-
mechanical strength.

This study was aimed to analyse the effect of heat treatment on weight loss, water
resistance, thickness swelling, flexural strength, flexural modulus, and impact strength
parameters of WPCs made from beech (Fagus orientalis L.) wood.
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2 Material and Method
2.1 Thermoplastic polymer, wood filler, and compatibilizer

Polypropylene V30S (PP) supplied by Petrochemical Company (Marun, Mahshahr,
Iran) was used as the polymer matrix with a melt flow index of 16 g/10 min and a density of
0.87 g/cm?. Oriental beech (Fagus orientalis L.) wood flour as lignocellulosic material which
was milled by Wiley grinder was applied as reinforcement. PPG101, which is a maleic
anhydride grafted polypropylene (MAPP), provided by Kimia Javid Sepahan Co. (Tehran,
Iran) with a melt flow index of 64 g/10 min and density of 0.91 g/cm3. The grafted maleic
anhydride was used as the compatibilizer at a rate of 3% by weight in the composites.

2.2 Thermal treatment of wood chips

Prior to the processing of the composites, a drum-chipper was used for the chipping of
beech logs. Wood chips were dried at room temperature for 24 h before the thermal treatment.
Afterwards, the wood chips were heated and saturated by steam in a steaming vessel at
different temperatures (120 °C, 150 °C, or 180 °C) for 30 or 120 minutes. Then, produced
chips from the beech wood were milled into wood flour and oven-dried at 103 £ 2 °C for 24 h
to reach 1% moisture content. The required materials were weighed and formulated according
to Table 1.

Table 1. Untreated and modified composites (MC) preparation formulations

Treatment code Beech wood flour Polypropylene MAPP*

(wt.%) (Wt.%) (wt.%)
A = Untreated composite 50 47 3
B = MC-30 min-120 °C 50 47 3
C = MC-30 min-150 °C 50 47 3
D = MC-30 min-180 °C 50 47 3
E = MC-120 min-120 °C 50 47 3
F = MC-120 min-150 °C 50 47 3
G = MC-120 min-180 °C 50 47 3

“MAPP = maleic anhydride grafted polypropylene.

2.3 Composites manufacturing

Intermeshing counter-rotating twin screw extruder (Model T20, 1990, Dr. Collin,
GmbH, Germany) were used at a screw speed of 60 rpm for 14 minutes for the mixing of
materials which barrel temperature gradient from 180 °C at six zone from feeding zones to the
die zone. The extruded materials were cooled at laboratory conditions and then milled to
produce suitable granules for further processing. For the milling of granules, a laboratory
grinder (Wieser, WGLS 200/200 Model, Germany) was used and the milled granules were
dried at 105 °C for 4 h in a laboratory oven. The injection molding machine (Model EM80,
Aslanian Co., Iran) set at 160-180 °C temperature was also used for molding of test samples.
In each molding operation, a complete set of samples (3 replicates) was produced for various
tests. Finally, before the testing, the samples were conditioned at the temperature of 23 °C and
relative humidity of 50% for at least 40 h according to ASTM D 618 (1999).
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2.4 Fungus culture

The white-rot fungus (T. versicolor) was transferred to petri dishes containing malt
extract agar (48 g/L) under laminar hood using sterile pincers. The plates were kept at 23 °C
for one week until the culture medium was fully covered by the mycelium of the fungus. The
cultured fungus was transferred into petri dishes containing the culture medium and then
incubated for one week at 23 °C.

2.5 Inoculation of samples by Fungus

Inoculation of composite samples by the fungus was performed in the petri dishes. The
dishes containing the fungus and the composite samples were incubated in an incubator for 6
weeks at 23 °C and 75% RH. The sizes of control WPCs samples are shown in the Figure 1.

3S

 8s

B

85

Figure 1. The sizes of WPCs control samples (The tensile test samples were not used in this
study)

2.6 Mass loss

The dry mass of the samples was determined after 24 h under 103 = 2 °C. The mass
losses were calculated using the Equation (1):

Mass loss (%) = (Mb-Ma/Mb) x 100 1)

where Mb and Ma are the oven-dry weights prior to and after inoculation with fungus,
respectively.

2.7 Water uptake and dimensional stability tests

Water uptake and thickness swelling tests of the composites were conducted by
following the ASTM D 570 (1998) standard. Five specimens from each formulation were
selected and oven-dried for 24 h at 100 + 3 °C. The samples were weighted with an accuracy
of 0.001 g after drying in the oven and their thicknesses were measured at an accuracy of
0.001 mm. Then, the specimens were placed in distilled water for 24 h by the method of
immersion and retained at room temperature (20 = 2 °C). In the final of this time, the excess
on the surface of the specimen was cleared with a clean cloth and then their weights and
thicknesses were determined. The water absorption values in percentage were calculated
using the Equation (2):
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W (t) W,

where WA (t), Wo, and W (t) denote the water absorption (%) at time t, the oven dried
weight, and the weight of the specimen at a given immersion time t, respectively.

WA(t) = x100 )

The thickness swelling values in percentage were calculated using Equation (3).
T(®H)-T,
0

where TS(t), To, and T(t) denote the thickness swelling (%) at time t, the initial thickness
of specimens, and the thickness at time t.

TS(t) = x100 ©)

2.8 Mechanical properties

The flexural properties (ASTM D 790-10 (2016)) and notched impact strength (ASTM
D 256-10 (1997)) of WPCs made from thermally treated wood were determined according to
ASTM standards.

2.9 Data analysis

Mass loss, flexural strength, flexural modulus, impact strength, water absorption, and
thickness swelling values were evaluated using a computerized SPSS 17.0 statistical program
and tested with ANOVA followed by Duncan’s Multiple Range Test (DMRT) with 95%
confidence level.

3  Results and discussion
3.1 Mass loss

Mass loss of the WPCs exposed to the white-rot fungus at different times and
temperatures are shown in Table 2. According to the Table 2, when the time and temperature
increase, it is clearly seen that the mass loss of the WPC specimens is decreasing, that is, the
lowest mass loss was observed in the specimens formulated by thermally-treated wood at 180
°C for 120 minutes. According to the results of DMRT, the thermal treatment of wood had a
significant effect on the mass loss of the WPCs. Among the composite formulations, the mass
loss of the composites produced with thermally treated wood (30 min- 180 °C, 120 min- 150
°C, and 120 min- 180 °C) have the highest durability (Table 2). The decay resistance of the
modified beech wood by heating against the white decay fungus (T. versicolor) varied widely
with the heat treatment conditions. Since white rot fungus can attack both lignin and cell wall
polysaccharides (hemicelluloses and cellulose), the improved durability of the thermally
treated beech flour can be attributed to the modification of its chemical components (Jimenez
et al. 2011). Changes in the chemical composition of the wood due to heat treatment were
correlated with increased resistance to fungal decay. While the hemicellulose content was
dramatically reduced with increasing temperature and treatment duration, the lignin content
increased proportionately (Yalcin and Sahin, 2015).

Reduced hemicellulose contents of the heated beech wood flour have a significant
impact on biological resistance because it is an easily accessible carbon source for fungi
(Nuopponen, 2005). The reduction in the amount of free -OH groups in the holocellulose and
an increase in lignin cross-linking has caused a decrease in the equilibrium moisture which
can also enhance the biological resistance of thermally treated wood (Wikberg and Maunu,
2004; Nuopponen, 2005). When wood is subjected to thermal treatment, formic and acetic

95



Hosseinihashemi and Arwinfar., Furniture and Wooden Material Research Journal, 6 (1), 90-103

acids are formed. So, they cause the degradation of hemicellulose (Tjeerdsma et al. 1998).
During hydrothermal modification, mass loss depends on the wood species, heating medium,
temperature and duration (Esteves and Pereira, 2009). Theander and Nelson (1988) stated that
the degradation rate of carbohydrates is high in acidic situations and is promoted by the high
availability and low crystallinity of hemicelluloses. Further, variations in the acidity of the
treatment media increase due to thermal treatment in wet environments because of the
formation of acetic and formic acids on the basis of the decomposition of hemicellulose
during hydrothermal modification in acidic media (Kubojima et al. 2000; Sulaiman et al.
2012). Lignin degradation occurred only when the treatment temperature was above 200 °C.
Furthermore, the bending strength rapidly decreases at high temperatures (above 200 °C),
treated wood shows darker colours and it becomes more brittle, and surface cracks are
produced due to the further degradation of hemicellulose and the removal of -OH groups (Ali
et al. 2021). Cross-linking was shown to reduce the amount of accessible OH groups that are
simultaneously active in sorption which was explained based on the concept of sorption of
water dimers at hydroxyl group pairs at high RH levels (Altgen et al. 2018).

Table 2. Mean value * (standard deviation) for mass loss, flexural strength, flexural modulus,
and impact strength of the untreated and modified composites

Mass Flexural strength  Flexural modulus  Impact strength

Treatment code loss (%) (MPa) (MPa) (I/m™

A = Untreated composite ) 63(2'.12)& %3299330% 6((5)342 6C)d

B = MC-30 min-120 °C - 7?53?4[))(: (ggi 2) ?09438;1

- C = MC-30 min-150 °C - 7(%%‘;)0 (2‘712293) 6((())82 %b

‘g D = MC-30 min-180 °C ; 7?6?5;)"3 (5216%}9%% 6(512 f)c

2 E=MC-120 min-120°C ] 7(83%21 )C é17727.oa1b) ?6(.6233():

F = MC-120 min-150 °C ; 7?6.7223?(; (5>2107259a5b) 6(ng g)c

G = MC-120 min-180 °C ; S?é?gsb (112?98 % 30231?

A = Untreated composite ;22,20 61.63a 1779b 5.40a

(0.02) (0.92) (41.87) (0.00)

swewmeie ooy o Giow o)

_ C=MC-30min-150°C ?0307 S 7(2-%‘; )d (27099(152% ?05272?
3

§ D = MC-30 min-180 °C ?olc?l? 6(83-'8627 )b (19756.4217% ?03251

E = MC-120 min-120 °C 0'((2)?11?‘: 7(%.9851 )d 1(941.i6§d 5( s %b

F = MC-120 min-150 °C (()6.1&? 7?&5" 1(28793)0 6(&% f)b

G = MC-120 min-180 °C (()6.13?1? 63..%21 )b (1667“@2&) 5( ot %b

*Lower case letters on the numbers indicates the Duncan grouping of the averages. Values in
parentheses are standard deviation (SD). Undecayed and decayed specimens were analyzed
statistically and separately.
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3.2 Flexural strength, flexural modulus, and impact strength

Statistical analysis of the data shows a significant effect on the mechanical strength of
heat-treated wood flour of the undecayed and decayed WPCs. The results of Duncan’s
multiple range test indicated that the thermal treatment of wood had a significant effect on the
mechanical properties of the undecayed and decayed WPCs. The undecayed and decayed
WPCs produced from wood treated at 150 °C for 30 min and 120 °C for 120 min had the same
flexural strength values and were higher than other treated WPCs (Table 2). All the
undecayed and decayed WPCs showed higher flexural strength than the control WPC.
Thermal-treatment of wood improved the flexural strength to a greater degree than the
flexural modulus. The flexural modulus of the undecayed and decayed WPCs produced with
wood treated at 120 °C or 150 °C for 30 min were considerably higher than that of the other
treated WPCs and control WPC. The treatments 30 min at 180 °C, 120 min at 120 °C, and 120
min at 150 °C did not have a significant difference in the flexural modulus of undecayed
WPCs as compared to the undecayed control but the treatments 30 min at 180 °C and 120 min
at 150 °C did not have significant difference in the flexural modulus of decayed WPCs as
compared to the decayed control. The undecayed and decayed WPCs produced from wood
treated at 180 °C for 30 min or 120 min had lower flexural modulus than the undecayed and
decayed control WPC. This result showed that the flexural properties of the undecayed and
decayed WPCs considerably decreased as the thermal-treatment duration increased from 30
min to 120 min. In general, all the undecayed WPCs showed higher flexural strength than the
decayed WPCs made from untreated and treated wood. The significant differences (p<0.05)
between some group averages for the mechanical properties are shown in Table 2. The
different letter designations in the Table 2 mean that there were significant differences
(p<0.01) for the mechanical properties among the WPC groups according to Duncan’s
multiple range test.

The results of Duncan’s multiple range test indicated that the thermal treatment had a
significant effect on the impact strength of the undecayed and decayed WPCs. There were no
significant differences in the impact strength values of the undecayed WPCs between the 30
min at 180 °C and 120 min at 150 °C treatments. Also, there were no significant differences in
the impact strength values of the decayed WPCs between the 30 min at 120 °C, 120 min at
120 °C, 120 min at 150 °C, and 120 min at 180 °C together and there is no significant
difference between undecayed composites for 30 min at 180 °C and 120 min at 150 °C (Table
2). As shown in Table 2, the undecayed WPCs produced from the wood treated at 120 °C for
30 min showed lower notched impact strength than the control WPC specimens but in the
decayed WPCs produced from the wood treated at 180 °C for 30 min showed lower notched
impact strength than the control WPC specimens. The impact resistance of the undecayed
WPCs produced from the wood treated at 180 °C for 120 min increased by 4.5% over the
control WPC specimens but the impact resistance of the decayed WPCs produced from the
wood treated at 150 °C for 30 min increased by 17.8% over the control WPC specimens. This
increase was mainly attributed to the high compatibility between the wood and the polymer
matrix due to the softening of lignin.

Furthermore, WPCs produced from the wood treated at 150 °C for 30 min had slightly
lower average impact resistance than the WPCs produced from the wood treated at 180 °C for
120 min. Thus, it was expected that the treatment at 150 °C for 30 min caused a reduction in
the adhesion between the wood filler and the polymer matrix compared to the 120 min at 180
°C specimens. The average strength loss of the samples after exposure to wood decay fungus
is given in Table 3.
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Table 3. Mean values of strength loss for flexural strength, flexural modulus, and impact
strength measurements of the untreated and modified composites

Treatment code Flexural strength ~ Flexural modulus  Impact strength loss (%)
loss (%) loss (%)
A = Untreated composite 3.35 65.31 22.20
B = MC-30 min-120 °C 3.35 64.62 -2.02
C = MC-30 min-150 °C 291 63.30 -8.05
D = MC-30 min-180 °C 6.90 65.52 18.59
E = MC-120 min-120 °C 3.76 63.09 11.61
F = MC-120 min-150 °C 297 64.14 5.07
G = MC-120 min-180 °C 017 64.03 18.48

3.3 Water and thickness swelling resistance

The results of statistical analysis (Table 4) indicated that the fungal infection had direct
impact on moisture absorption of the modified specimens after 6 weeks (P<0.05). In general,
the water absorption of decayed and undecayed modified samples increases with increasing
immersion time in distilled water. The absorption of water in modified samples was less
compared to the control WPCs, where this case is principally due to the degradation of
accessible hydroxyl groups regions on the wood surface related to the reduction of OH groups
within the wood cell wall as a result of the degradation of high molecular components
(Wikberg, 2004). The lower content of OH groups is responsible for less water absorption by
the samples. WPCs made from thermally treated wood could decrease their equilibrium
moisture content (EMC) by decreasing the accessibility of the hydroxyl groups in
hemicelluloses to water; in other words, the lyses of hemicelluloses involve dehydration
reactions that reduce the hydroxyl groups with a direct effect on the moisture content of
thermally modified wood (Korkut et al. 2012). In addition, the formation of less hygroscopic
furfural polymer from the hydrolysis of hemicelluloses under high temperature has also
contributed to the reduction of EMC in wood (Tjeerdsma and Militz, 2005). Consequently,
lower wood moisture content could repulse the invasion of fungus and confer better fungal
resistance to the WPCs.

The water absorption of the decayed WPCs samples was higher than that of the
undecayed samples for all heat-treated WPCs. It can be proposed that white-rot fungus
depletes all components of the wood cell wall during decay. Therefore, the ratios of porous of
the decayed WPC are increased and retain more water during soaking.

The thickness swelling of undecayed and decayed modified samples increased with
increasing water soaking time. According to Table 4, higher thickness swelling was observed
in the undecayed samples containing modified wood as well as control samples. The reason
for the high thickness swelling of undecayed samples could be due to water absorption by
available hydroxyl groups and spring back of the spongy samples exposed to fungal
decomposition or the lower TS of the decayed composites could be also explained by the fact
that the rot-fungi degraded the hemicelluloses in the wood cell (Hosseinihashemi et al. 2016).
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Table 4. Mean value * (standard deviation) for water absorption (WA) and thickness swelling
(TS) of the untreated and modified composites

WA2h WAZ24h TS2h TS24 h
Treatment code (%) (%) (%) (%)
A = Untreated composite 0.62 ab 1.63¢c 0.28bc 0.49 cdef
(0.28) (0.40) (0.12) (0.12)
B = MC-30 min-120 °C 0.95b 2.40d 0.56 def 0.696 fg
(0.29) (0.02) (0.13) (0.12)
C = MC-30 min-150 °C 0.90b 2.31d 0.07 a 0.35 bcd
= (0.07) (0.11) (0.12) (0.12)
% D = MC-30 min-180 °C 0.90b 2.34d 0.43 bcde 0.64 efg
3 (0.15) (0.34) (0.01) (0.23)
o E = MC-120 min-120°C 0.90b 2.26d 0.21ab 0.49 cdef
(0.14) (0.07) (0.00) (0.12)
F = MC-120 min-150 °C 091b 2.0la 0.50 def 0.79¢
(0.80) (0.28) (0.13) (0.14)
G = MC-120 min-180°C 0.37b 0.99a 0.21ab 0.42 bed
(0.03) (0.25) (0.00) (0.00)
A = Untreated composite 0.82 cd 153e 2.07 ab 2.93b
(0.03) (0.07) (0.45) (0.72)
B = MC-30 min-120 °C 0.79 bcd 145e 2.17 ab 2.55b
(0.11) (0.20) (0.38) (0.69)
C = MC-30 min-150 °C 0.81cd l4le 217 ab 2.63b
}i (0.09) (0.08) (0.13) (0.12)
3 D = MC-30 min-180 °C 0.55 abc 0.92d 2.04 ab 3.09b
S (0.12) (0.19) (0.52) (1.30)
S E=MC-120 min-120 °C 0.77 bed 1.33¢ 2.74b 3.06 b
(0.05) (0.02) (0.54) (0.48)
F = MC-120 min-150 °C 0.50 ab 1.25¢e 127 a 2.60b
(0.11) (0.48) (1.19) (0.24)
G = MC-120 min-180 °C 0.34a 0.60 abc 2.04 ab 2.67b
(0.02) (0.05) (0.75) (0.29)

*Lower case letters on the numbers indicate the Duncan grouping of the averages. Values in
parentheses are standard deviation (SD). Undecayed and decayed specimens were analyzed
statistically and separately.

4 CONCLUSIONS

In this study, water resistance, fungal resistance, and technological properties of WPCs
produced from thermally treated beech wood were investigated. Based on the authors’ study,
these conclusions were obtained:

e The decay resistance of the WPCs containing thermally treated beech wood flour
against the white-rot fungus (Trametes versicolor) improved with increasing the
treatment time and temperature.

e At identical thermal treatment conditions, flexural properties and notched impact
strength of undecayed WPCs were higher than those of decayed WPCs.

e As expected, the water resistance of undecayed WPCs was higher than those of the
decayed WPCs.

e Based on the findings of the present study, WPCs produced using the wood treated at
180 °C for 120 minutes provide increased biological durability against wood-destroying
basidiomycetes particularly possessing increased water resistance if it is exposed to
ground.
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Isil islem uygulanmis karbon fiber ile giiclendirilmis lamine kaplama
kerestenin (LVL) hava kurusu yogunluk ve liflere paralel basin¢ direncinin
belirlenmesi

Osman Pergin*

Oz

Isil islem, kimyasal madde kullanilmadan aga¢ malzemenin bazi Ozelliklerinin
tyilestirilmesi i¢in gelistirilen ¢evre dostu bir odun modifikasyon yontemidir ve son yillarda
Avrupa ve Diinya’da yaygin olarak kullanilmaya baslanmistir. Isil islem, ahsap malzemede
denge rutubet miktarin1 azaltmakta, boyutsal stabilizasyonu ve biyolojik direnci Onemli
derecede de artirmaktadir. Bu g¢alisma, 1sil islem uygulanmig ahsap malzemelerden farkli
tutkallarla yapistirilarak ve karbon fiber kumas ile gii¢lendirilerek tiretilen lamine kaplama
kerestelerin (LVL) hava kurusu yogunluk ve liflere paralel basing direnci degerlerindeki
degisimlerin belirlenmesi amaciyla yapilmistir. Bu maksatla karagam (Pinus nigra) ahsap
malzemeler, 150, 175 ve 200 °C’de 2 saat 1s1l islem uygulandiktan sonra uygun boyutlarda
kesilmis, poliliretan (PU) ve polivinil asetat (PVAc) tutkallar1 kullanilarak lamine edilmistir.
Lamine kompozit malzemenin 6zelliklerini iyilestirmek i¢in ahsap kaplamalar arasina takviye
tabakasi olarak karbon fiberler eklenmistir. Test sonuglari 1s1l islemin, hava kurusu yogunluk
degerleri ve liflere paralel basing direncini azalttigini gdstermistir. Ote yandan giiclendirme
islemi hava kurusu yogunluk ve liflere paralel basing direncinin ikisini de artirmistir.

Anahtar kelimeler: Ahsap malzeme, Isil islem, Karbon fiber, Mobilya

Determination of air-dried density and compression strength
parallel to the grains of heat-treated laminated veneer lumber

(LVL) reinforced with carbon fiber

Abstract

Heat treatment is an environmentally friendly wood modification method which
developed to improve some properties of wood without the using any chemicals and has been
commonly used in Europe and the world in recent years. Heat treatment reduces the amount
of equilibrium moisture content in the wood material, and significantly increases the
dimensional stability and biological resistance. This study was carried out to determine the
changes in the air-dry density and compression strength parallel to the grains of laminated
veneer lumber (LVL) produced by bonding with different adhesives from heat-treated wood
materials and by reinforcing with carbon fiber fabric. For this purpose, black pine (Pinus
nigra) wood materials were cut into suitable sizes after heat treatment at 150, 175 and 200 °C
for 2 hours and laminated using polyurethane (PU) and polyvinyl acetate (PVAc) adhesives.
Carbon fibers were added as a reinforcement layer between wood veneers to improve
properties of laminated composite material. The test results showed that the heat treatment
decreased air-dry density values and compressive strength parallel to the grains. On the orher
hand reinforcement process increased both air-dry density and compressive strength parallel
to the grains.

Key words: Carbon fiber, Furniture, Heat treatment, Wooden material
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1. Giris

Diinya niifusunun artmasi, insanoglunun ahsap malzemeye olan ihtiyacinin da artmasina
neden olmustur. Aga¢ malzemenin yogunluguna kiyasla mekanik direncinin yiiksek olmasi,
ucuz ve siirdiiriilebilir olmasi, kolay islenmesi, bol bulunmasi gibi 6zellikler onu iyi bir yap1
malzemesi olarak ortaya c¢ikarmaktadir. Buna karsin aga¢ malzemenin, kolay yanabilmesi,
havanin nemine gore boyutlarinin ve hacminin degisebilmesi ayrica biyotik ve abiyotik
faktorlere karsi hassas olmasi sonucu degrade olabilmesi gibi olumsuz oOzellikleri vardir
(Keskin ve Biilbiil, 2019). Bunun yaninda agag isleri endiistrisinde hizli gelismelerle beraber
dinya orman kaynaklari azalmaya devam etmektedir (Senay, 1996). Bu durum orman
kaynaklarmin ve ahsap ve ahsap esasli malzemelerin daha verimli ve etkin kullanilmasini
zorunlu hale getirmistir (Ulusoy ve ark., 2016).

Aga¢ malzemenin sahip oldugu olumsuz 6zellikleri minimize etmek ve zayif yonlerini
gelistirmek icin modifikasyon yontemleri uygulanmaktadir (Sandberg ve ark., 2017).
Gelistirilen bu odun modifikasyonlarinin temel amaci aga¢ malzemenin olumsuz 6zelliklerini
bertaraf etmek ve var olan baz1 6zelliklerinde daha fazla gelistirilmesini saglamaktir. Bu
acidan degerlendirildiginde, laminasyon teknigi fiziksel aga¢ modifikasyon yontemlerinden
birisidir (Korkmaz, 2012). Bu yontemde ahsap malzemenin kusurlari arindirilmakta ve nihai
olarak elde edilen malzemenin bazi kalite 6zellikleri masif ahsap malzemeye gore daha iyi
olmaktadir. Bu amagla, aga¢ malzemenin bu kusurlarinin azaltilmasi ve bazi 6zelliklerinin
iyilestirilmesi i¢in agag isleri endiistrisinde ve yap1 elemanlarinda da ¢ok tercih edilen yapisal
kompozit keresteler LSL (Laminated Strand Lumber), LVL (Laminated Veneer Lumber),
OSL (Oriented Strand Lumber), Glulam (Glued Laminated Timber), PSL (Parallel Strand
Lumber) iiretilmeye baslanmistir (Giiller, 2001; Bal ve Efe, 2015).

Agag¢ malzemenin istenmeyen 6zelliklerini gelistirmek icin kullanilan bir diger 6nemli
odun modifikasyon yontemi ise 1s1l islemdir. Isil iglem, endiistriyel olarak son yillarda yaygin
olarak kullanilan ve hiicre ¢eperinin polimer bilesiklerinin kimyasal kompozisyonunda kalici
degismelerle sonuglanan fiziksel bir islemdir (Korkut ve Kocaefe, 2009). Isil islem, kimyasal
madde kullanilmadan aga¢ malzemenin boyutsal stabilizasyonunu artiran ve biyolojik direng
saglayarak aga¢ zararlilarina karsi koruyan alternatif bir modifikasyon yontemidir (Hill ve
ark., 2021). Isil islem uygulanmis aga¢ malzemenin en 6nemli olumsuzluklarindan birisi
mekanik direncinin zayiflamasidir. Bu durum 1s1l iglem uygulanmis ahsap malzemelerin yiik
tasiyict yapr elamanlart olarak kullanilmasini sinirlamaktadir. Mekanik 6zelliklerde
gerceklesen azalma kullanilan ahsap tiiriine, uygulanan 1s1l islem yontemine ve sartlarina
bagli olarak degisiklik gosterebilmektedir (Efe ve Bal, 2016).

Agacisleri ve yap1 endiistrisinde ahsap yapilarin yiik tasima kapasitesi budak ve catlak
gibi faktorden olumsuz olarak etkilenmektedir (Zhu ve ark., 2013). Ayrica diisiik kaliteli,
ucuz ve mekanik 6zellikleri az olan agag tiirlerinin yiik tasiyict sistemlerde kullanimi sinirlt
olabilmektedir. Ahsap esasli kompozit malzemelerin yiik tasima sistemlerinde kullanilacaksa
bunlarin yiiksek mekanik 6zelliklere sahip olmasi gerekmektedir. Bunun yaninda ahsap yap1
sektoriinde bazi noktalar lokal giliclendirmeye ihtiyag duyarlar. Diisiik kalitedeki ahsap
malzemeler ve daha zayif mekanik direnglere sahip olan odun tirleri, sentetik liflerle
giiclendirilebilmektedir (Bal ve Ozyurt, 2015). Son yillarda giiglendirici malzeme
teknolojisinin  gelismesi ile LVL kompozit malzemelerin mekanik 6zelliklerinin
gelistirilmesinde de lif esash giiclendirici kumaslar basarili bir sekilde kullanilmaktadir (Wei
ve ark., 2013).
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Uzun yillardir, yapisal kompozit kerestelerin 6zelliklerinin gelistirilmesi, 1s1l islemin
ahsap ve ahsap esasli malzemelerin fiziksel, kimyasal ve mekanik 6zelliklere etkilerine ayrica
giiclendirici fiber kumasglar ile odun ve odun esasli malzemelerin giliclendirilmesine yonelik
cesitli calismalar yapilmistir. Fakat 1s1l islem uygulanmig ahsap malzemenin sentetik liflerle
giiclendirilmesi sonucu liflere paralel basing direnglerinde meydana gelen degisimlerin
belirlenmesine yonelik ¢alismalar olduke¢a sinirlidir. Bu nedenle ¢alismanin amaci, kullanim
miktar1 her gecen giin artan 1sil islem uygulanmis ahsap malzemenin glclendirilmesinde
kullanilan karbon fiberin ve tutkal turlerinin hava kurusu yogunluk ve liflere paralel basing
direncine etkisini belirlemektir.

2. Materyal ve Metot
2.1  Materyal
2.1.1 Agac¢ malzeme

Agacisleri ve yap1 endiistrisinde yaygin olarak kullanilmasi nedeniyle hava kurusu
haldeki karacam (Pinus nigra) ahsap malzemeler deney malzemesi olarak secilmistir. Taslak
haldeki ahsap levhalar, mekanik ve yapisma performansini olumsuz etkileyecek budak, ¢atlak
vb. kusurlar olmamasi i¢in dikkatle ve tesadiifi yontemle se¢ilmistir. Ardindan 17 x 97 x 460
mm olcllerinde kesilen deney ve kontrol grubu taslak levhalar, iklimlendirme kabininde 20 +
2 °C ve % 65 £5 bagil nem sartlarinda agirliklar sabit oluncaya kadar bekletilmistir.

2.1.2 Tutkal

Calismada yapistirict olarak, Polisan firmasina ait suya ve neme karsi dayanikli
poliiireatan esasli polimarin (marine & marine) (PU) ve polivinil asetat (PVAc) tutkallar
kullanilmistir. Uretici firma tarafindan PU tutkalnin teknik 6zellikleri; yogunlugu (20 °C)
1.10 g/ml, viskozitesi (20 °C) 3500-5800 cPs, pH degeri yaklasik 7 olarak (Polisan, 2019),
PV Ac tutkali i¢in viskozitesi (25 °C) 10000-14000 cPs, pH degeri 0.5-2, agirlikga katt madde
miktar1 % 45-47 olarak verilmistir (Polisan, 2018).

2.1.3 Karbon fiber kumas

Calismada kullanilan karbon fiber kumaslar Dost Kimya (istanbul, Tiirkiye)
firmasindan temin edilmistir. Calismada kullanilan karbon fiber kumaslar diiz dokuma tiiriine
ve 200 gr/m? agirhigima sahiptir. Firma tarafindan saglanan verilere gore, cekme mukavemeti
3800 MPa, cekme modiilii 240 GPa, ortalama yogunluk 1,79 g/cm?®, cekme gerilimi %1,6 ve
elyaftaki gercek karbon igerigi %95'tir (Dost Kimya, 2020).

2.2  Metot
2.2.1 Isil islem

Iklimlendirme cihazinda denge rutubetine gelen taslak levhalar 150, 175 ve 200 °C
sicakliklarda 1s1l igsleme maruz birakilmistir. Deney oOrneklerinin 1s1l isleme maruz
birakilmasinda iginde hava sirkilasyonu olmayan, +1 °C hassasiyetinde, elle kontrol
edilebilen laboratuvar tipi etiiv firmninda ve normal atmosfer sartlarinda gergeklestirilmistir.
Kontrol grubuna 1s1l islem uygulanmamistir. Isil islem sonrasi taslak levhalar tekrar
iklimlendirme kabininde 20 + 2 °C ve % 65 £5 bagil nem ortaminda agirliklar1 degismez hale
gelinceye kadar bekletilmistir.
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2.2.2 Deney 6rneklerinin hazirlanmasi

Is1l islem uygulanan ve kontrol grubu taslak levhalar, hava kurusu yogunluk ve liflere
paralel basing direnci degerlerinin belirlenmesi i¢in laminasyon isleminden once 4 x 90 x 420
mm ebatlarinda net 6l¢iide kesilmistir. Her bir deney grubunda liflere paralel basing direnci
icin 5 adet taslak levhanin aralarina 4 adet karbon fiber kumas serilerek presleme islemine
gecilmistir. Presleme isleminde her bir ahsap levhanin yapistirilan yiiziine 180 gr/m?, karbon
lifinin yiizeyine de 250 g/m? hesabiyla tutkal tatbik edilmistir. Tiim presleme islemi
laboratuvar ortaminda gerceklestirilmistir. Pres basinci ve siiresi sirasiyla her iki tutkal tiirii
icinde 10 kg/cm? ve 180 dakika olarak ayarlanmistir. Preslenen taslak levhalarin tamamu,
tutkalin tam sertlige ulasmasi i¢in bir hafta bekletilmistir. Ardindan liflere paralel basing
direnci igin TS 2595 (1977) esaslarina gore her bir deney grubundan 10 adet deney Ornegi
hazirlanmis ve 20 £ 2 °C sicaklik ve % 65 £5 bagil nemde denge rutubete gelmeleri icin
iklimlendirme kabininde bekletilmistir. Her iki tutkal tiirii i¢inde karsilastirma grubunda
ahsap malzemelere 1si1l islem uygulanmamis ve lameller arasmna karbon fiber kumas
eklenmemistir. Sekil 1’de deney 6rnegi ve deneyin yapilisi verilmistir.

Sekil 1. Liflere paralel basing direnci deney 6rnegi ve deney diizenegi (mm)

Deney orneklerinin hava kurusu yogunluk degerleri TS 2472 (1976) esaslarina gore
belirlenmistir.

2.2.3 Deneylerin yapihs

Denge rutubetine gelen deney Orneklerinin liflere paralel basing deneyleri TS 2595
(1977) esaslarina gore yapilmistir. Deneylerde yiikleme hizi 4 mm/dk olacak sekilde
uygulanmistir. Deneyler esnasinda maksimum kuvvet (Fmax) Newton cincinden kaydedilerek
her bir deney Orneginin liflere paralel basing direnci (o) asagidaki esitlik (1) ile
hesaplanmustir.

_ Fmax
Op —

(N/mm?) (1)

Burada; A: 6rnek enine kesit alanidir (mm?).

Hava kurusu yogunluk degerlerinin belirlenmesi i¢in iklimlendirme cihazinda degismez
agirh@a kadar bekletilen Orneklerin agirliklari 0.01 gr hassasiyetindeki analitik terazide
tartilmig ve boyutlari + 0.01 mm hassasiyetindeki dijital kumpasla belirlenerek kaydedilmistir.
Hava kurusu yogunluk degerleri (3) asagidaki esitlik (2) ile hesaplanmistir.

o= % (glcm®) (2)

Burada; M: Numunelerin agirhg (g), V: Numunelerin hacmidir (cm®).
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2.2.4 lstatistiksel Analiz

Calismada istatistiksel degerlendirmelerde MSTAT-C (Version 1.42, Michigan State
University, East Lansing, MI) istatistik paket programi kullanilmistir. Faktorlerin etkinligini
belirlemek icin Varyans analizleri (ANOVA) uygulanmis, farkin 6nemli ¢ikmasi halinde,
Duncan testi uygulanmis ve elde edilen ortalama degerlerin arasindaki farklar karsilastirmali
olarak verilmistir. Faktorler arasinda anlamli fark olmasi durumunda en kiigiik anlamli fark
(LSD) testi uygulanmis ve homojenlik gruplari belirlenmistir.

3. Bulgular ve Tartisma

Hava kurusu yogunluk degerlerine iligskin istatistiksel veriler Cizelge 1’de verilmistir.
Gii¢lendirme islemi, tutkal tiirti ve 1s1l islem sicakligi ile bu faktorlerin etkilesiminin hava
kurusu yogunluk ve liflere paralel basing direnci (o) degerlerine etkilerine iliskin olarak
yapilan varyans analizi sonuglar1 Cizelge 2’de verilmistir.

Cizelge 1. Hava kurusu yogunluk degerleri

Tutkal Laminasyon Isil X Min. Mak.
tiril i islem  (g/em?) (@em®)  (glem®) SO
LVL Isil iglemsiz 0.539 H 0.531 0.553 0.0053
Isil islemsiz 0.609 A 0.596 0.633  0.0105
PU 150°C 0.589 B 0.581 0.601  0.0055
RLVL
175°C 0.565 E 0.559 0.589  0.0031
200°C 0.544 G 0.519 0.556  0.0061
LVL Isil iglemsiz 0.528 | 0.513 0.547 0.0066
Isil iglemsiz 0.583 C 0.572 0.601 0.0130
PVAC RLVL 150°C 0.574 D 0.556 0.592  0.0109
175°C 0.548 F 0.535 0.568  0.0088
200°C 0.526 J 0.511 0.547  0.0081

X: Ortalama deger; HG: Homojenlik grubu; Min: Minumum deger; Mak. Maksimum deger; SS: Standart sapma;
LSD: 0.0008832; LVL: Lamine kaplama kereste; RLVL: Gii¢lendirilmis lamine kaplama kereste

Cizelge 2’ye gore hava kurusu yogunluk degerleri {lizerine tutkal tiirii, gliclendirme
islemi ve 1s1l islemin etkileri istatistiksel agidan 6nemli, bu faktorlerin iiclii etkilesimi, ayrica
tutkal tiirii ve 1s1l islem sicaklig ikili etkilesimi ise onemsiz bulunmustur (P<0.05). Deney
gruplarina ait, ortalama hava kurusu yogunluk degerleri Sekil 2°de verilmistir. Buna gore, her
iki tutkal tird ile yapistirilan, 1s1l iglem uygulanmis ve giiglendirme yapilmis orneklerin
yogunluk degerleri, kendi gruplarinda 1s1l iglem uygulanmamis ve gili¢lendirme yapilmamis
orneklerden daha yiiksek ¢ikarken, PVAc tutkalinda, sadece 200 °C’de 1s1l islem uygulanip
giiclendirilen 6rnekler bir miktar diisiik ¢ikmistir. En diisiik yogunluk degeri, PVAc tutkali ile
yapistirilan, 200 °C’de 1s1l islem uygulanip gii¢lendirilen drneklerde (0.526 g/cm?) tespit
edilmistir. En yliksek yogunluk degeri ise, PU tutkali ile yapistirilan, 1s1] islem uygulanmamis
ve giiglendirme yapilmis drneklerde (0.609 g/cm?) belirlenmistir. Her iki tutkal grubunda da
sicakligin artmasina bagli olarak, hava kurusu yogunluk degerleri diisiis trendine girmis ve en
diisiik degerler 200 °C’de tespit edilmistir. Her iki tutkal tiirlinde de, RLVL’lerin yogunluk
degerlerinin LVL’den yiiksek ¢ikmasi, ahsap kaplamalar arasma serilen karbon fiber
kumaslardan ve bu 6rnek gruplarinda fazla miktarda kullanilan yapistiricidan kaynaklanmig
olabilir. Benzer yorumlar Bal (2014) tarafindan da rapor edilmistir.
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Cizelge 2. Tutkal tiirii, gliglendirici karbon fiber ve 1s1l islem sicakliginin hava kurusu
yogunluk ile liflere paralel basing direnci etkilerine iligskin varyans analiz sonuglari

Azellik Varyans Serbestli!< Kareler Kareler F . P<0.05
Kaynagi Derecesi Toplami Ortalamas1  Degeri SIG.
Faktor (A) 1 0.009 0.009 155.9190  0.0000
Faktor (B) 1 0.046 0.046 789.3400  0.0000
AxB 1 0.001 0.001 11.0876  0.0011
Hava kurusu Faktor (C) 3 0.022 0.007 126.1934  0.0000
yogunluk AxC 3 0.000 0.000 1.0106  0.3900
) BxC 3 0.022 0.007 126.1934  0.0000
AxBxC 3 0.000 0.000 1.0106  0.3900
Hata 84 0.008 0.000
Toplam 99 0.108
Faktor (A) 1 362.404 362.404 353.5041  0.0000
Faktor (B) 1 1306.449  1306.449 1274.3652 0.0000
AxB 1 17.956 17.956 17.5150  0.0000
Liflere paralel  Faktor (C) 3 600.881  200.294 1953747  0.0000
basing direnci AxC 3 35.455 11.818 11.5283  0.0000
(o8) BxC 3 600.881 200.294 195.3747  0.0000
AxBxC 3 35.455 11.818 11.5283  0.0000
Hata 84 147.625 1.757
Toplam 99 3107.107

Faktor A: Tutkal tiirii; Faktor B: Giiclendirici karbon elyaf; Faktor C: Isil islem sicakligi

0.609
0.589
0.565
0.583
0.574

0.544
0.548

Hava kurusu yogunluk (g/cm?®)
0.539

0.528

0.526

Is1l Is1l 150°C 175°C 200°C Isil Isil 150°C 175°C 200°C
islemsiz  iglemsiz islemsiz islemsiz

LVL RLVL LVL RLVL
PU PVAc

Sekil 2. Hava kurusu yogunluk degerleri
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Liflere paralel basing direnci degerine ait istatistiki sonuclar Cizelge 3’te verilmistir.
Cizelge 2’de verilen varyans analizine gore basing direncleri degerlerinde tutkal turd,
giiclendirme islemi ve 1s1l islemin etkileri ve bunlarin karsilikli etkilesimleri istatistiksel

acidan 6nemlidir (P<0.05).

Cizelge 3. Liflere paralel basing direnci degerleri

Tutkal Laminasyon Isil X HG Min. Mak. sS
tiiri tiri islem (N/mm?) (N/mm?)  (N/mm?)

LVL Isil islemsiz ~ 55.82 G 54.32 57.48  1.0896

Isil islemsiz ~ 66.41 A 64.11 68.08 1.1531

PU RLVL  150°C 6455 B 6302  66.69 1.3073

175°C 61.01 D 59.27 62.34  1.2356

200°C 56.55 F 55.19 58.24 0.9718

LVL Isil islemsiz ~ 53.48 H 52.73 5498 0.6317

Isil islemsiz ~ 63.17 C 61.89 64.25 0.8413

PVAC  pLyL  150°C 5918 E 5701  61.89 0.9658

175°C 60.23 D 58.88 62.21  0.7826

200°C 51.52 | 49.17 52.89  1.1106

X: Ortalama deger; HG: Homojenlik grubu; Min: Minumum deger; Mak. Maksimum deger; SS: Standart
sapma; LSD: 0.8942

Deney gruplarina ait, ortalama liflere paralel basing direnci degerleri Sekil 3 ve Cizelge
3’te, ayrica basing direnci degerleri iizerinde etkili olan faktorlerin (tutkal tiirii, laminasyon
tirii ve 1s1l islem sicakligl) Duncan testi karsilastirma sonuglari Cizelge 4’te verilmistir.
Bunlara gore, en yliksek basing direnci, PU tutkali ile yapistirilan, 1s1l islem uygulanmamis ve
giiclendirme yapilmis drneklerde (66.41 N/mm?) belirlenmistir. Ote yandan, en diisiik basing
direnci ise, PVAc tutkali ile yapistirilan, 200 °C’de 1s1l islem uygulanip giig¢lendirilen
orneklerde (51.52 N/mm?) tespit edilmistir. Her iki tutkal tiiriinde de, sicakligin artmast ile

basing direnci degerleri azalma egilimine girmistir.

Cizelge 4. Tutkal tiirli, Laminasyon tiirii ve 1s1l islem sicaklig1 basing direnci degerleri

Duncan testi karsilastirma sonuglari

Tutkal Taro* X (N/mm?) HG
PU 59.01 A
PVAC 56.00 B
Laminasyon Turi**

LVL 54.65 B
RLVL 60.37 A
Isil Islem Sicakligr***

Isil islemsiz 59.72 A
150°C 58.26 B
175°C 57.23 C
200°C 54.42 D

LSD: *0.3162; **0.3162; ***0.4471; X Ortalama deger; HG: Homojenlik grubu

Sekil 3 incelendiginde, PU tutkali ile yapistirilan 1s1l islem uygulanmis RLVL
orneklerde liflere paralel basing direnci degerleri LVL’den yiiksek belirlenirken, PVAc
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tutkalinda da benzer durum yasanmis ancak 200 °C’de 1s1l islem uygulanip giiclendirilen
orneklerin basing direnci degeri LVL’den bir miktar diisiik ¢ikmugtir.

R3)
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et
5
n & < o — = © ]
s E S © : S i3 @ - = B o
SE 8 © @ 2 g g 8 g 8 2
=2
E N—r
8,
g
E Isil Isi  150°C 175°C 200°C Isil Issl  150°C 175°C 200 °C
islemsizislemsiz islemsizislemsiz
LVL RLVL LVL RLVL

PU PVACc
Sekil 3. Liflere paralel basing direnci degerleri

Cizelge 2’deki liflere paralel basing direncine ait istatistiksel veriler incelendiginde,
tutkal tiirli, giiclendirici karbon fiber kumas ve 1sil islem sicakliginin etkileri istatistiksel
acidan 6nemlidir (P<0.05). PU ve PVAc tutkallar1 birbirine yakin sonuglar verse de bu
farklilik istatistiksel agidan Onemlidir. Tutkallar arasindaki bu farkliligin karakteristik
ozelliklerinin farkliligindan ve ayrica PU tutkalinin karbon kumas ve ahsap malzeme ile daha
kuvvetli ¢apraz ve kimyasal baglar kurmasindan kaynaklanmis olabilir. Literatiirde benzer
durum Uzel ve ark. (2018) tarafindan rapor edilmistir. Liflere paralel basing deneyleri
esnasinda PVAc tutkali ile yapistirilan 6rneklerde, yiiksek basing altinda de-laminasyon
miktar1 PU tutkal1 ile yapistirilan 6rneklerden bir miktar daha fazla gézlenmistir. Bu durum
PV Ac tutkali ile yapistirilan 6rneklerde basing direncinin diigmesine katki saglamis olabilir.

Cizelge 4’e gore, RLVL’lerin liflere paralel basing direnci degerleri LVL’lerden
yaklasik %10 daha yiiksek c¢ikmistir. Bu durumun ahsap lameller arasina yerlestirilen
giiclendirici karbon kumaglardan ve tutkaldan kaynaklandig: diisliniilmektedir. Karbon fiber
kumaslar, diisiik yogunluga sahip olmalarina karsin {istiin gerilme mukavemetine, esneklik
modiiliine ve ayrica yorulma 6zelliklerine sahiptir (Huang, 2009). Literatiirde karbon takviye
malzemelerin LVL’lerin ve ahsap esasli kompozitlerin mekanik 6zelliklerini 6nemli dlgiide
gelistirdigi rapor edilmistir (Xu ve ark, 1998; Buell ve Saadatmanesh, 2005; Wei ve ark.,
2013; Wang ve ark. 2015).

Isil islem sicakligina gore (Cizelge 4), liflere paralel basing direnci degerleri kademeli
olarak azalmis ve en diisiik 200°C’de (54.42 N/mm?) tespit edilmistir. Yiiksek sicakliklarda
basing direncinin azalmasi, ahsap malzemenin binyesinde meydana gelen madde
kayiplarindan dolayr yogunluk degerlerinin azalmasindan ve ahsap malzemenin
bozunmasindan kaynaklanmis olabilir (Unsal ve Ayrilmis, 2005; Korkut ve ark., 2007).
Benzer bir c¢alismada, Percin ve Altunok (2017), 160, 190 ve 220 °C’de 1s1l islem
uyguladiklart kaym (Fagus orientalis Lipsky) kaplamalar1 Desmodur-VTKA tutkali
kullanarak karbon fiber kumas ile takviye etmisler ve bazi fiziksel ve mekanik 6zelliklerde
meydana gelen degisimleri incelemislerdir. Calismada sadece 160 °C’de 1s1l islem uygulanan
orneklerin liflere paralel basing direnci degerleri kontrol 6rneklerinden bir miktar ylksek
cikarken, digerlerinin azaldig: bildirilmistir.
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4. Sonugclar ve Oneriler

Bu ¢alismada, 150, 175 ve 200 °C’de 1s1l islem uygulanmis karagam (Pinus nigra)
ahsap malzemelerden, PU ve PVAc tutkallar1 ile yapistirilarak karbon fiber kumas ile
guclendirilen LVL 6rneklerin hava kurusu yogunluk ve liflere paralel basing direnci degerleri
analiz edilmistir.

e Her iki tutkal tiiriinde de gii¢lendirilmis LVL orneklerin yogunluk degerleri,

giiclendirme yapilmamis 6rneklerden genel olarak daha yiiksek belirlenmistir.

e TUm deney gruplarinda 1si1l islem sicakligina bagh olarak yogunluk degerleri
azalmstir.

e Giiclendirme isleminden sonra liflere paralel basing direnci degerlerinde artislar
oldugu tespit edilmistir.

e Calismada PU tutkali ile lamine edilen Orneklerin hava kurusu yogunluk ve
liflere paralel basing direnci performanslart daha yiiksek ¢ikmistir.

Isil islem uygulanmig ahsap malzemenin mekanik o6zellikleri zayiflamakta bu durum
onun yiik tasiyict sistemlerde kullanimini sinirlamaktadir. Isil islem uygulanmis ahsap
malzemelerde veya mekanik 6zellikleri diisiik olan agag tiirlerinde, farkli yontemlerle direng
kayiplar1 minimize edilebilmektedir. Bu amacla, bu yonde yenilik¢i calismalarin yapilmasi
onerilmektedir. Ayrica 1s1l islem uygulanmig ahsap malzemelerde karbon fiber ile
giiclendirme islemlerinin yapilmasi, yiiksek fiziksel ve mekanik performansa sahip
giiclendirilmis 1s1l  islemli LVL dretilerek, bunun ekonomik fayda saglanacagi
distinilmektedir.
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The effects of artificial weathering on the pendulum hardness of chestnut
wood applied with polyurethane varnish after heat treatment
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Abstract

The effects of artificial weathering (576 h) on the pendulum hardness values of
Anatolian chestnut (Castanea sativa Mill.) wood applied with polyurethane varnish (PU) after
heat treatment at 190°C for 1.5 h and at 212°C for 2 h were investigated. The results revealed
that heat treatment, weathering period, and interaction were significant. The hardness values
of the heat-treated materials were higher than those of the non-heat-treated test samples. The
highest hardness value was determined in the un-weathered group of the test samples that
were heat-treated at 190°C for 1.5 h while the lowest value was determined in the group that
was heat-treated at 190°C for 1.5 h and weathered for 432 h. The highest reduction rates after
weathering were obtained on samples that were heat-treated at 190°C for 1.5 h, followed by
heat-treated at 212°C for 2 h and non-heat-treated. It was observed that the heat treatment
application caused different pendulum hardness values in chestnut wood samples covered
with polyurethane varnish.

Keywords: Pendulum hardness, Anatolian chestnut, Castanea sativa Mill., artificial
weathering, heat treatment, polyurethane varnish

Isil islem sonrasi poliiiretan vernik uygulanmis kestane odununda

salinimsal sertlik lizerine yapay yaslandirmanin etkileri

Oz

Bu ¢alismada, 190°C’de 1.5 saat ve 212°C’de 2 saat siire ile 1s1l islem gordiikten sonra
politiretan vernikler uygulanan Anadolu kestanesi (Castanea sativa Mill.) odununa ait
katmanmn salinimsal sertlik degerleri iizerine yapay yaslandirma (576 saat) etkileri
arastirtlmistir. Belirlenen sonuclara gore, tek degiskenli varyans analizi sonuglar igin, 1sil
islem, yaslandirma siiresi ve etkilesimi anlamli olarak belirlenmistir. Isil islem gormiis
malzemelere ait sertlik degerleri, 1s1l islem gérmemis deney Orneklerinden daha yiiksek elde
edilmistir. En yiiksek sertlik degeri 190°C’de 1.5 saat siireyle 1si1l islem gérmiis deney
orneklerine ait yaslandirma yapilmayan grupta belirlenirken, en diisiik deger ise 190°C’de 1.5
saat siireyle 1s1l islem gormiis 432 saat siireyle yaslandirilmis grupta tespit edilmistir.
Yaslandirma sonrast azalma oranlari en yiiksek 190°C’de 1.5 saat siire ile 1s1l islemli 6rnekler
Uzerinde elde edilirken, bunu 212°C’de 2 saat siire 1s1l islemli 6rnekler ve 1sil islemsiz
ornekler izlemistir. Isil islem uygulamasinin, politiretan vernikleri ile kaplanmis kestane
odunu 6rneklerinde farkli salinimsal sertlik degerleri vermesine sebep oldugu goriilmiistiir.

Anahtar kelimeler: Salinimsal sertlik, Anadolu kestanesi, Castanea sativa Mill., yapay
yaslandirma, 1s1l islem, politiretan vernik

Article history: Submitted:01.05.2023, Accepted:24.06.2023, Published:30.06.2023, *e-mail: g.ulay@yyu.edu.tr,

"IVan Yuzuncu Y1l University, Van Vocational School, Program of Furniture and Decoration, VVan-Tugba, 65085, Turkey
2Bayburt University, Faculty of Arts and Design, Dept. of Interior Architecture and Environmental Design, Bayburt, Turkey
To cite: Ulay, G., Ayata, U., (2023), The effects of artificial weathering on the pendulum hardness of chestnut wood applied
with polyurethane varnish after heat treatment, Furniture and Wooden Material Research Journal, 6(1), 115-122, DOI:
10.33725/mamad.1290705

115



https://orcid.org/0000-0003-4080-8816
https://orcid.org/0000-0002-6787-7822

Ulay and Ayata, Furniture and Wooden Material Research Journal, 6(1), 115-122

1 Introduction

The method of covering the natural wood surface with a protective material that forms a
visibly liquid and shiny layer after drying is called “varnishing” (Stimer, 1946). Polyurethane
varnishes are available in matte, satin, or glossy surfaces based on water or solvent-based
systems (Lyons, 2019).

Polyurethane is transparent and allows working on both sides of its surface. The use of
this material may cause different thickness levels to be achieved, giving different results for
different uses and techniques (Bebit et al. 2019). The curing rate can vary by system, but pot
life is typically 45-60 minutes. This time is reasonable, as polyurethanes can be applied
relatively quickly. The rate will change with temperature and large volumes of exothermic
reaction will occur. Water pollution and high humidity should be avoided at all costs (Cattell,
2003). Polyurethanes, and especially hydroxylated polyurethanes, can interact with wood via
hydrogen bonding (Mubarok et al. 2017).

In artificial weathering devices, three kinds of lamps, namely, the xenon lamp, the
ultraviolet fluorescent lamp, and the carbon arc lamp, are widely used as light sources to
simulate ultraviolet radiation from sunlight. Periodic condensation or water spray is used to
simulate dew or rain (Hu et al. 2009; Cakicier, 2007).

Hardness also has a close relationship with other mechanical properties such as strength,
ductility, and fatigue resistance, and therefore hardness testing can be used in industry as a
simple, fast, and relatively inexpensive method of material quality control (Broitman, 2017).

Different test methods are available to measure the surface hardness properties of
materials and material surface layers. One of these is the Konig pendulum method.

The Kdnig pendulum consists of an open frame connected by a crossbar and has two
balls with a hardness of 5+0.005 mm and a diameter of 63+3 HRC placed on its lower face to
serve as a fulcrum. The lower end of the frame is formed in the form of a marker. In balancing
the pendulum, a weight sliding on a rod in the vertical direction is used, depending on the
crossbar. The total weight of the pendulum is 200+0.2 g (ASTM D 4366-95, 1984).

Two test methods based on different types of pendulums are discussed: the Konig
pendulum stiffness test (time in seconds for the oscillation amplitude to decrease from 6° to
3°) and the percus pendulum stiffness test (the oscillation amplitude to decrease from 12 to 4°
in seconds). In general, the extinction time of the Konig pendulum is about half of that of the
rivet pendulum (ASTM D 4366-95, 1984).

In laboratories, coatings are artificially etched in apparatus specially designed to
simulate or measure aging processes that occur during natural wear. Artificial weathering
involves fewer parameters than natural weathering. However, it allows for more
homogeneous, controllable, and accelerated test conditions (Simms, 1987; Kropat et al. 2020).

In this study, the effects of artificial weathering on the pendulum hardness values of
chestnut wood applied with polyurethane varnish after heat treatment at different temperatures
and times were investigated. In the literature, pendulum hardness properties research was not
found after 576 h of artificial aging using UV-B 313 EL type lamp on heat-treated chestnut
wood covered with polyurethane varnish. The obtained results aim to reveal the interaction
between heat treatment, polyurethane varnish and chestnut wood.
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2 Material and Method
2.1 Material
2.1.1 Obtaining wood material

Anatolian chestnut (Castanea sativa Mill.) woods were used in the study. Wooden
samples were obtained from a lumberman by purchasing method. The samples were prepared
to 320x75x16 mm in net dimensions. Air-conditioning (20+2°C and 65% relative humidity)
processes of the materials were performed (TS 642 ISO 554, 1997).

2.2 Method
2.2.1 Heat treatment

The heat treatment modification of chestnut woods with an initial moisture content of
12% was carried out in a commercial facility with special computer-aided closed kiln
application for 1.5 h at 190°C and 2 h at 212°C.

2.2.2 Application of polyurethane varnish on wood material surfaces

In this study, topcoat glossy polyurethane (polyurethane resin-based two-component)
varnishes belonging to a commercial company were applied to the heat-treated and non-heat-
treated test samples. The technical information on the varnishes used is given in Table 1.

Table 1. Technical information on the varnishes used

. Sample Amount of Varnish : . Number of
Varnish Type Surface (m?) Applied (gr/m?) Solids Ratio (%) pH Layers
Polyurethane Filler 2.40 103 46.20 6.55 1
Polyurethane lossy 2.40 100 46.90 6.25 2

It was applied according to industrial applications and the recommendations of the
varnish manufacturer as per (ASTM D3023-98, 2017) in the amounts given in Table 2. Care
was taken to ensure that the film layer thicknesses were close to each other and in line with
the determined solid matter amounts of the varnishes.

Table 2. Information on the application of polyurethane varnish on wooden surfaces

Features of Varnish Number of Layers Application Quantity  Solids Ratio (%)
Using the sealant spray gun 1 99 g/m? 47 g/m?
2 2
Using the topcoat 1 101 g/m2 45 g/m2
varnish spray gun 2 101 g/m 47 gim
Total Solids Amount = 139 g/m?

2.2.3 Artificial weathering

After the varnishes were applied to the test samples, they were left to dry in the air-
conditioning room according to 1SO 554, (1997) (65+3% relative humidity and 20+2°C
temperature). Subsequently, UV-B 313 type fluorescence was applied in a QUV accelerated
aging device adjusted to ISO 16474-1, (2013) standards (ambient conditions: 50°C ambient
temperature cycle, 15 min water spray, 0.67 light intensity, 4 h UV). It was decomposed by
exposure to lamps for 144, 288, 432, and 576 h. They were exposed to lamps for 144, 288,
432, and 576 h for decomposition.
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2.2.4 Determination of the solid matter amounts

The amount of solid matter in the varnishes has been calculated according to TS EN
ISO 3251 (2019).

2.2.5 Determination of pendulum hardness

The hardness values of the weathered and un-weathered test samples were made
according to the TS 642 ISO 1522 (2022) standard, using the Konig method on the platform
of the pendulum hardness measuring device.

2.2.6 Statistical analysis

Standard deviations, univariate coefficients of variation, maximum and minimum
results, % change rates after weathering, homogeneity groups, and mean results were
calculated by an SPSS program.

3 Results and Discussion

The results of the univariate analysis of variance, calculated using the measurement
results of the pendulum hardness values, are shown in Table 3. According to these results, the
heat treatment (A) factor, the weathering period (B) factor, and the interaction (AB) of these
factors were determined to be significant.

Table 3. Univariate analysis of variance results for pendulum hardness values
Variance Source Sum of Squares Degree of Freedom F Value Mean Square 0<%5

Heat Treatment (A) 113.853 2 6.012 56.927 0.003*
Weathering Period (B) 9130.827 4 241.074 2282.707 0.000*
Interaction (AB) 6528.413 8 86.182 816.052 0.000*
Error 1278.300 135 9.469
Total 2799345.000 150
Corrected Total 17051.393 149

Result by *: Significant a < 0.05

The results of the pendulum hardness values measured before and after weathering are
presented in Table 4. According to these results, the control measurement result was obtained
as 136.10 in the untreated and varnished test samples. In the test performed for this group, a
decrease of 4.41% in 144 h of weathering period, an increase of 1.32% in 288 h, a decrease of
3.01% in 432 h and an increase of 4.56% in the last 576 h were recorded. According to Table
4, each period took place in different HG groups among the weathering periods on the
surfaces coated with PU varnish of the non-heat-treated samples. However, it was determined
that there was no linear change. This is thought to be related to the changes in the UV,
temperature, humidity, and PU varnish components and the cell structure of the wood that
makes up the aging cycle. It can be attributed to the effect of chemical bonds or thickness
forming the varnish layer under the influence of high temperature and UV-B rays.

Ceylan (2016) found the hardness values of beech wood samples applied with
polyurethane varnish to be 89.10 before weathering, 121.80 after 100 h of weathering and
118.80 after 300 h of weathering. Peker (1997) determined an increase of 6.43% and 36.90%,
respectively, in polyurethane-varnished Scotch pine and chestnut woods after aging in
outdoor environmental conditions.

118



Ulay and Ayata, Furniture and Wooden Material Research Journal, 6(1), 115-122

Table 4. Measurement results of pendulum hardness values

Weat- Coefficien
Treatment hering N Mean  Change HG Stan_da_rd Min. Max. t
. (s) (%) Deviation of
Period .
Variation
Control 10 136.10 - DE 1.97 134.00 139.00 1.45
Non- 144h 10 13010 441 G 1.97 127.00 134.00 151
heat- 288h 10 13790 1132 D 3.18 132.00 142.00 2.30
treated 432h 10 132.00 |3.01 FG 3.02 127.00 136.00 2.29
576 h 10 14230 1456 C 2.11 140.00 145.00 1.48

Control 10 158.80 - A* 4.26 152.00 168.00 2.68
144h 10 13140 |17.25 FG 3.24 127.00 135.00 2.46

(0]
fol?(l)sch 288h 10 13200 |16.88 FG 189 13000 13500  1.43
: 432h 10 11330 2865 I** 440 10600 12000  3.88
576h 10 141.90 1064 C 367 13600 147.00 258
Control 10 15280 - B 355 14800 158.00  2.33
sipe  144h 10 12680 11702 H 239 12400 13200  1.89
Z7C 288h 10 13360 1257 EF 250 13000 13800 187
432h 10 13800 |9.69 D 204 13300 142.00  2.13

576 h 10 13590 |11.06 DE 3.51 130.00 141.00 258
N: Number of Measurements, *: Highest result. **: Lowest result

Considering the pendulum hardness values of wood species with polyurethane varnish
applied in the literature; it was 73.60 for scotch pine, 62.60 for chestnut (Peker, 1997), 109 for
black pine, 82.60 for beech (Sar1, 2012), 62 for Scots pine, 60 for oak, 67 for chestnut (Kilig,
2019), 115 for Scotch pine, 133 for beech, 104 for mahogany (Akdemir, 2022), 100.40 for
walnut, 93.20 for Scots pine (Uzun, 2021), 72.40 for fir, 72.70 for chestnut (Soylamis, 2007),
69.00 for beech (Baysal, 2011), and 38.00 for Scots pine (Baysal et al. 2014). It is reported in
the literature that surfaces with higher oscillations are hard, and surfaces with less oscillation
have lower hardness (S6nmez, 1989). It is thought that the reason for the different hardness
values in the polyurethane varnish studies may be due to the use of chemicals from different
companies, the use of different types of wood, and the different layer thicknesses obtained
after the stages during the application.

In the literature, after exposure to UV rays for 500 h in an accelerated weathering device
consisting of UVA-340 lamps, the pendulum hardness values of wood materials on which
polyurethane varnishes were applied were found to increase 21% in varnished oriental beech
wood (Baysal, 2011) and 24% in varnished Scotch pine wood (Baysal et al. 2014). In this
study, it was observed that the hardness value increased after 576 h of weathering on non-
heat-treated and varnished materials.

Geng, (2019) determined that the hardness value of polyurethane varnishes was 115
seconds on average before weathering. This was reported to be 79 seconds after 500 h of
weathering of UVA-340 lamps.

In addition, the highest value was determined in the control experimental sample group
of the experimental samples that were heat-treated and varnished at 190°C, for 1.5 h while the
lowest value was determined in the experimental samples that were heat-treated at 190°C for
1.5 h and varnished for 432 h obtained in the experimental sample group. In addition, the
reason why heat-treated wood material and non-heat-treated wood material behave differently
against the same varnish type may be due to the change in the structure of the wood with the
heat treatment.
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It was observed that the hardness value of the heat-treated materials decreased after
weathering. While the reduction rates after weathering were lowest without heat treatment,
this was followed by samples with heat treatment at 212°C for 2 h and heat treatment at
190°C for 1.5 h. In pendulum hardness, the results of the heat-treated materials were higher
than those of the untreated test samples. In addition, the hardness values of the heat-treated
materials decreased after weathering.

It was reported by Ulay (2018) that similar results were obtained after aging
applications on polyurethane varnishes applied to heat-treated and untreated iroko and ash
woods of 212°C for 2 h and 190°C for 1.5 h. In addition, this varied depending on the
degrading effect of the heat treatment process and aging factors on lignin and wood
components such as cellulose and hemicellulose (Kropat et al. 2020). It has been reported in
many studies that they cause many changes such as color change (Karamanoglu and Akyildiz,
2013; Ulay and Cakicier, 2017), glossiness (Ulay, 2018), roughness (Yang et al. 2002), crack
formation (Holzhausen et al. 2002; Oosterbroek, et al. 1991), pits and new cracks (Akyildiz
and Karamanoglu, 2016), and varnish layer structure (Jaic and Zivanovic, 1997). It should be
taken into account that the factors affecting these can also affect the surface hardness feature.

4  Conclusions

According to data obtained;
e According to the results of univariate analysis of variance, treatment, weathering
period, and the interaction were found to be significant.
e The hardness results of the heat-treated materials were higher than those of the non-
heat-treated test samples.
e The lowest rate of decrease after weathering was determined to be for the group
without heat treatment (between 3 and 4%), followed by samples with heat treatment
at 212°C for 2 h (between 9 and 17%) and heat-treated at 190°C for 1.5 h. (between 10
and 17%) followed.
It is recommended to add various additives to the polyurethane varnish in order to
prevent a decrease in the hardness value.
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Farkl geometrik oluklu ¢ekirdege sahip ahsap esash kompozit panellerin
vida tutma direnclerinin belirlenmesi
Musa Kaya'*(), Hasan Ozgﬁr Imirzit

Oz

Yapilan ¢alismada geometrik oluklu g¢ekirdege sahip ahsap esasli kompozit panellerin
yogunluk degerleri ve levha yiizeyinden vida tutma direngleri belirlenmistir. Bu amacla
panellerin ¢ekirdek geometrilerine ti¢ farkli geometrik oluk (Dairesel, dikdortgen ve trapez)
sekli islenerek elde edilen ¢ekirdek katmanlarinin alt ve ist yiizeylerinde 4’er mm’lik
kontrplak ve liflevha kullamilarak, iire formaldehit tutkali ile yapistirilmistir. Uretilen
panellerin yogunluk degerleri ve vida tutma direnclerini belirlemek igin ilgili standartlarda
belirtilen esaslar dogrultusunda deneyler yapilarak veriler elde edilmistir. Elde edilen verilerin
coklu varyans analizleri yapilarak anlamli ¢ikan faktorlerin gruplari arasindaki farkliliklarin
tespit edilmesi i¢in Duncan testi yapilmistir. Yapilan testlerin sonuglarina gore ahsap esash
kompozit panellerin ¢ekirdek katmanina islenen farkli geometrik oluklu sekillerin; panellerin
vida tutma direnci ve yogunluk degerlerinde azalmalara sebep oldugu goriilmistiir. Deney
sonuglarina gore en yiksek vida tutma direnci; kontrplak yizeyli dikdortgen oluklu g¢ekirdege
sahip panelde 15.36 N/mm? iken en diisiik vida tutma direnci ise kontrplak yiizeyli dairesel
oluklu ¢ekirdege sahip panelde 8.92 N/mm? oldugu tespit edilmistir.

Anahtar kelimeler: Kompozit malzeme, geometrik oluklu panel, vida tutma direnci,

Determination of screw holding resistance of wood-based composite panels
with different geometric corrugated core

Abstract

In the study, the density values of wood-based composite panels with a geometric
corrugated core and screw retention resistance from the plate surface were determined. For
this purpose, three different geometric grooves (circular, rectangular and trapezoidal) shapes
were processed into the core geometries of the panels, and the lower and upper surfaces of the
core layers were adhered with urea formaldehyde glue, using 4 mm plywood and fiberboard.
In order to determine the density values and screw holding resistance of the panels produced,
experiments were carried out in accordance with the principles specified in the relevant
standards and data were obtained. The Duncan test was used to determine the differences
between the groups of the factors that were found to be significant by performing multiple
variance analyzes of the obtained data. According to the results of the tests, different
geometric corrugated shapes processed into the core layer of wood-based composite panels; it
was observed that the panels caused a decrease in screw holding resistance and density
values. According to the test results, the highest screw holding resistance; the lowest screw
holding resistance was found to be 8.92 N/mm?2 in the panel with a circular corrugated core
with a plywood surface, while the panel with a rectangular corrugated core with a plywood
surface was 15.36 N/mm2.

Keywords: Composite material, geometric corrugated panel, screw retention resistance,
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1 Giris

Ahsap esasli kompozit malzemeler; diinya niifusunun artigina paralel olarak artan agag
malzeme tiiketimini minimize etmek i¢in icra edilen arastirmalar sonucunda elde edilmis
yapay iriinlerdir. Esas yapilar itibart ile aga¢ malzemeye alternatif olarak elde edilen bu
malzemeler; aga¢ malzemeye gore; istenilen yogunluk ve oOlgiilerde tiretilmesi, farkli renk ve
desenlerde wretilmesi, ekonomiklik gibi bircok olumlu yonleri mevcuttur. Ancak agag
malzemeye gore; dogal olmamasi, tekstiirii, mekanik direngleri, makinelerde isleme kabiliyeti
gibi negatif yonleri de bulunmaktadir. Ahsap esasli kompozit bir malzeme olan lif levhalarin
¢ikisi milattan 6nce 6. yiizyillda Japonya’daki yapilarin duvarlarinda kullanilan bir ¢esit lif
levhaya dayanmaktadir. Endiistriyel amach olarak yapilan ilk dretim ise 1960’11 yillarda
Amerika’da gerceklestirilmistir. 1966 yilinda ise Amerika’da liflevha Gretimi seri Gretim
seklinde yapilmistir (Cehreli, 1984; Eroglu, 1988). 1960’11 yillardan giiniimiize dek farkli
Ozelliklere sahip liflevha Uretimi etkin bir sekilde yapilmaktadir.

Gilinimiizde mobilya imalat endistrisinde en ¢ok kullanilan kompozit malzemeler;
liflevha ve yongalevhalardir. Dolayisiyla bu ve bunlara benzer kompozit malzemelerin
fiziksel ve mekanik Ozelliklerinin bilinmesi, bu tarz kompozit malzemelerden (retilen
mobilya ve dekorasyon iirlinlerinin kullanilacagi mekanlardaki fiziksel ve mekanik etkilere
kars1 nasil tepki gelistirdiklerinin bilinmesi olduk¢a énemlidir (Goker ve ark., 2004; Kasal,
2007). Ancak bu tiir panellerin yerine ikame edilecek alternatif ahsap esasli kompozit
panellerin Gretilmesi, mekanik, fiziksel ve teknolojik Ozelliklerinin arastirilmasina yonelik
yapilmis bilimsel arastirmalarin varliginin, oldukga kisitli oldugu goriilmiistiir.

Ahsap yapilarda ya da diger yapilardaki kolon, kiris ve duvar kaplamalarinda kaplama
malzemesi olarak kullanilan ahsap esasli kompozit paneller, baglayict bir elemanla (vida ve
civi gibi) bu yapisal tasiyicilara baglantisi yapilarak sabitlestirilir (Bal ve ark., 2016).
Uygulamada kullanilan bu baglant1 elemanlart kiigiik ¢apli (¢iviler, vidalar ve metal kamalar)
ve Dbiiylik caplh (civatalar, lag vidalar ve pimler) baglantt elemanlar1 olarak
nitelendirilmektedir (Rammer, 2010).

Mobilya sanayisinde de mobilyalarin montaj edilmesi i¢in bircok baglanti elemani
kullanilmaktadir. Bunlarin basinda ise vidalar gelmektedir. Uretim islemleri bitirilerek
kullanima sunulan bir mobilyanin toplam dayanimini belirleyen temel faktorlerden birisi de
vidalardir. Vidali birlestirmelerde mobilya ve mobilya iizerinde bulunan aksesuarlarin
saglamligr biiyiikk Olclide vidalar ve {lretime dahil edilen ahsap malzemelerin vida
dayanimlarma bagl olarak degismektedir. (Ors ve ark., 1995; Yorir ve ark., 2017; Tor,
2019). Ahsap esasli kompozit panellerin teknolojik oOzelliklerini etkileyen birgok etken
bulunmaktadir. Bunlar genel olarak panelde kullanilan malzemelerin yogunlugu, panel
yogunlugu, kullanilan liflerin yapisi, budak miktari, rutubet degeri, tutkal tiirli ve miktari, pres
basinci, pres stiresi, pres sicakligi gibi etkenlerdir (Colakoglu, 1996).

Bu calismada elde edilen iiriin; cekirdek katmani birbirinden farkli geometrik
bicimlendirmeye tabi tutularak tabakali ahsap esasli kompozit panel bigiminde iiretilmistir.
Elde edilen ahsap esaslt kompozit panellerin agagisleri endiistrisinde yogun bir sekilde
kullanim alanina sahip olabilmeleri; 6zellikle duvar kaplamalarindaki ses ve 1s1 yalitim amacl
kullanimlar1 agisindan mekanik ve teknolojik Ozelliklerinin arastirillmasinda Onem arz
etmektedir.

Yapilan ¢aligmanin amaci; elde edilen ahsap esasli kompozit panellerin cekirdek
katmalarina islenen farkli geometrik sekilli oluklarin; bu tir kompozit panellerin vida tutma
direnclerine olan etkilerini tespit etmektir.
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2 Materyal ve Metot
2.1 Materyal

Bu c¢alismada, ahsap esasli kompozit panellerin olusturulmasinda 4 mm kalinliginda hus
kontrplak, 4 mm ve 10 mm kalinliginda lif levha ile levhalarin birlestirilmesi igin dre
formaldehit tutkali kullanilmistir. Tabakali panel yapiminda kullanilan malzemeler Ankara
Siteler semtinde bulunan ticari isletmelerden satin alma yoluyla tedarik edilmistir. Panel
tiretim siiregleri maddeler halinde asagida verilmistir. Ahsap esasli kompozit panellerin
imalatinda kullanilan malzemelerin bazi fiziksel oOzelliklerine ait veriler Cizelge 1’de
verilmistir.

Cizelge 1. Ahsap esasli kompozit panellerin bazi fiziksel 6zellikleri

No Malzeme Ad1i  Kahnhgy/Miktar1 Yogunlugu Panelde kullanildig: yer

1 Hus Kontrplak 4 mm 0.69 g/cm®  Alt-Ust yiizey katmani
2 Lif levha 10 mm 0.77 g/lcm3 Cekirdek katmani
3 Lif levha 4 mm 0.93 g/cm3  Alt—Ust yiizey katman

2.1.1 Ahsap esash kompozit panellerin tasarlanmasi

Ahsap esasli kompozit panellerin ¢ekirdek katmanlarina uygulanilacak geometrik
bicimlendirmelerin gizimleri Autodesk Inventor 2022 programinda Sekil 1’deki gibi iki ve U¢
boyutlu olarak ¢izilmistir.

+
L 2 I+
NS e R ENE G
¥

5

PARTS LIST
ITEM | QTY | PART NUMBER | DESCRIPTION
1 1 |Ust_katman_5 (4 mm Hus
Kontrplak/MDF

2 1 |Cekirdek_3 10 mm MDF
<) 1 |Al_katman_5 (4 mm Hus
Kontrplak/MDF

18 MM TRAPEZ OLUKLU PANEL ;

Sekil 1. Ahsap esasli kompozit panele ait net resim ve perspektif ¢izimi
2.1.2 Cekirdek katmaninin islenmesi

Tasarim ve ¢izim siiregleri tamamlanan ahsap esasl kompozit panelin ¢ekirdek katmani,
Gazi Universitesi Teknoloji Fakiiltesi Agacisleri Endiistri Miihendisligi Boliimii makine
atolyesinde bulunan; Sekil 2’deki SCM Tech Z1 markali CNC ahsap isleme makinesinde
islenerek elde edilmistir.
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Sekil 2. Ahsap esasli kompozit panelin ¢ekirdek katmanimin CNC Agag isleme makinesinde
islenmesine ait goriintii

2.1.3 Ahsap esash kompozit panellerin preslenmesi

CNC Ahsap isleme makinesinde her iki yizeyine geometrik oluklar islenen ¢ekirdek
katmaninin her iki ylzeyine; 4 mm kalinliginda liflevha (MDF) ve hus kontrplak levhalarin
yizeylerine tre formaldehit tutkali 1155 g/m? sirllerek, 110 °C sicaklik ve 200 Bar basing
altinda yaklasik 10 dakika Sekil 3’teki gibi preslenerek 105 x 140 cm ebadinda ve 18 mm
kalinliginda ahsap esasli kompozit paneller elde edilmistir. Presleme makinesinden ¢ikarilan
kompozit panellerin diizlemselliklerini korumak i¢in mengenelere sikilip sogutulmaya
birakilmigtir. Yapilan bu presleme islemi Gazi Universitesi Teknoloji Fakiiltesi Agagisleri
Endiistri Miihendisligi Boliimii pres atelyesinde bulunan hidrolik sicak pres makinesi vasitasi
ile gerceklestirilmistir.

Sekil 3. Ahsap esasli kompozit panellerin preslenmesi

Uretim siirecleri sonucunda elde edilen geometrik oluklu ahsap esasli kompozit paneller
cekirdek geometrilerine gore Sekil 4’teki gibi isimlendirilmistir. Panellerin 3B goruntilerinde
soldaki gorintunin liflevha yiizeyli, sagdaki goriintiiniin ise hus kontrplak yuzeyli panellere
ait gorantalerin oldugunu belirtmektedir.
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Sekil 4. Geometrik oluklu paneller (1: Kontrol paneli, 2: Dairesel oluklu panel, 3: Dikddrtgen
oluklu panel, 4: Trapez oluklu panel)

2.2 Metot

Levha ylizeyinde vida tutma direnci, TS EN 320°de (2011) belirlenen esaslara uyularak
yapilmistir. Deney Ornekleri 50 mm x 50 mm x 18 mm olgiilerinde ve her grup icin 12’ser
adet olmak Uzere toplamda 96 adet test 6rnegi hazirlanmistir. Hazirlanan ornekler %65+5
bagil nem ve 20%2 °C sicaklik sartlarindaki iklimlendirme dolabinda, degismez kiitleye
ulasincaya kadar kondisyonlanmustir. Iklimlendirme dolabindan teker teker ¢ikarilan drnekler
bekletilmeden deney islemine tabi tutulmustur. Deneyler igin kullanilan vida, Sekil 5’teki gibi
cinko govdeli ve yildiz uglu olup; vidanin 6lgiisii 4.2 mm x 38 mm ve vida adim 6lgiisii ise
1.4 mm’dir.

N.m.w.'m'.l.t'.‘\l

! \ \'\''.l'l.'.I.'u'tI'u'li''.'.'l.1i'.l't'|'I.1|'|f|'l.'.'l.‘|'',\#'|'I.''|''.1.''|'tl‘\'.lh'.’l"l"ll'n'-'ln-.=
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Sekil 5. Deneylerde kullanilan vidanin goriintiisii

Vidalama islemi standartlarda belirtilen esaslara gore yapilmistir. Bu dogrultuda
vidalar; deney pargalar1 tizerinde agilan deliklere (15£0.5) mm’lik kismi, dislerinin tamami
gomiilecek sekilde yerlestirilmistir.

Vida ¢ekme deneylerinde yiikleme hizi 2 mm/dak. Olarak ayarlanmistir. Vidanin geri
cekilmeye kars1 gosterdigi direng (f) ise Esitlik 1 esas alinarak hesaplanmistir.

F
f — max 1
d*lp

Burada; Fmax: Kirilma anindaki maksimum kuvvet (Newton), d: Vida ¢ap1 (mm), Ip:
Vidanin levhaya girme mesafesi (mm).
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Her deney numunesi icin maksimum yikin ilgili formille hesaplamasi yapilarak; o
deney oOrnegi i¢in vida tutma direnci hesaplanmistir. Yuzeyde vida tutma direncine ait deney
gorintiisii Sekil 6°da verilmistir.

Sekil 6. Yuzeyde vida tutma direnci deneyinin yapiligina ait goriintii

Deney orneklerinin yogunluklart TS EN 323’de (1999) belirtilen esaslara gore tespit
edilmistir. Deneyler sonucunda Orneklerden elde edilen veriler kullanilarak, varyans analizi
yapilmistir. Daha sonra minimum, maksimum, standart sapma ve aritmetik ortalama degerleri
hesaplanarak karsilastirmalar yapilmis ve ahsap esasli kompozit panellerin hava kurusu
yogunluklar1 ve ylizeyde vida tutma direngleri belirlenmistir.

3  Bulgular ve Tartisma
3.1 Hava kurusu yogunluk

Farkli geometrik oluklu ¢ekirdege sahip ahsap esasli kompozit panellerin hava kurusu
yogunluk degerleri TS EN 323°de (1999) belirtilen esaslara gore tespit edilmistir. Deneyler
sonucunda elde edilen istatistiki veriler Cizelge 2’de verilmistir.

Cizelge 2. Geometrik oluklu panellerin hava kurusu yogunluklarina iliskin istatistik verileri

Ylze ekirdek .
y ¢ . Min Mak.  Xort. Std.Sp. V(%)
Malzemesi Geometrisi
Kontrol Grubu 12 0.81 0.83 0.82 0.0080 0.98
Lif levh Dairesel Oluklu 12 0.60 0.65 0.62 0.0134 2.16
Hievha Dikddrtgen Oluklu 12 0.65 0.68 0.67 0.0085 1.27
Trapez Oluklu 12 0.62 0.65 0.63 0.0069 1.10
Kontrol Grubu 12 0.78 0.80 0.79 0.0057 0.72
Dairesel Oluklu 12 0.52 0.54 0.53 0.0039 0.74
Kontrplak .
Dikddrtgen Oluklu 12 0.57 0.60 0.58 0.0086 1.48
Trapez Oluklu 12 0.53 0.57 0.55 0.0086 1.56

Cizelge 2’ye gore geometrik oluklu panellerin hava kurusu yogunluk degerlerinde,
cekirdek katmaninin geometrik formuna bagli olarak kontrol numunesine kiyasla azalmalarin
meydana geldigi tespit edilmistir. Geometrik oluklu ¢ekirdekli kompozit panellerin ortalama
yogunluklar1 0.53 g/cm? ile 0.67 g/cm?® arasinda degistigi goriilmektedir. Ayrica kontrplak
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yuzeyli panellerin ortalama hava kurusu yogunluklari, liflevha yuzeyli panellerin ortalama
hava kurusu yogunluklarindan daha diisiik olduklar1 tespit edilmistir.

Literatirde ¢ekirdek katmani geometrik sekilli olana panellerin yogunluklarinin 0.5
g/cm3 ile 0.7 g/cm? arasinda oldugu (Oztiirk, 2019), farkli yiizey malzemelerine sahip sandvig
esasli kompozit panellerin yogunluklarinin ise 0.30 g/cm?3 ile 0.51 g/cm?® arasinda degistigi
(Barbu ve ark., 2010) belirtilmistir.

TS EN 316 (2011)’e gore orta yogunluktaki liflevhalarin (MDF) yogunluklar1 0.35
g/lcm3 ile 0.85 g/cm® arasinda degismektedir. Sonug olarak yapilan ¢alismada elde edilen
ahsap esasli kompozit panellerin hava kurusu yogunluk degerlerinin daha 6nce yapilmis olan
calismalarda elde edilen degerlere benzer oldugu; ayrica ilgili standarda gore belirlenen limit
degerlerin arasinda oldugu tespit edilmistir.

3.2 Levhayuzeyinde vida tutma direnci

Geometrik oluklu panellerin levha yizeyinde vida tutma direncglerinin tespitine yonelik
yapilan deneylerin sonucunda elde edilen sayisal veriler Cizelge 3’te verilmistir.

Cizelge 3. Geometrik oluklu panellerin levha ylizeyinde vida tutma direncine ait veriler

Yiizey Cekirdek Min.  Mak.  Xort.  Std. \
Malzemesi Geometrisi (N/mm2)  (N/mm?)  (N/mm?) Sp. (%)
Kontrol Grubu 10 2475 2880 2681 155 5,78
. Dairesel Oluklu 10 12.14 15.41 13.78 0.83 6,01
Liflevha  pidortgen Oluklu 10 1043 1806 1421 314 2211
Trapez Oluklu 10 1292 1650 1423 1.04 7,34
Kontrol Grubu 10 28.17 32.38 30.79 1.34 4,34
Dairesel Oluklu 10 7.94 9.96 8.92 0.67 7,53
Kontrplak  hyy dortgen Oluklu -~ 10 1152 1712 1536 178 11,56
Trapez Oluklu 10 8.25 1214  9.98 1.41 14,09

Cizelge 3’e gore geometrik oluklu panellerin levha yiizeyinde vida tutma direnclerine
ait ortalama degerlere bakildiginda en yiiksek vida tutma direnci kontrplak ylizeyli ve
dikdortgen oluklu ¢ekirdege sahip panelde 15.36 N/mm? olarak tespit edilmistir. En diisiik
vida tutma direnci ise kontrplak yuzeyli dairesel oluklu panelde 8.92 N/mm? oldugu tespit
edilmistir. Geometrik oluklu panellerde levha yiizeyinden vida tutma direncglerinde kontrol
numunelerine gore belirgin bir azalmanin oldugu tespit edilmistir. Yiizeyden vida tutma
direnglerinde meydana gelen bu azalmanin nedeni; panel yogunluklarinda olusan azalmaya
bagl olarak gergeklestigi soylenilebilir.

Literatlirde ahsap ve ahsap esasli kompozit malzemelerin mekanik 6zellikleri panellerin
yogunluk artiglarina bagli olarak arttigi (Bal ve ark., 2015) ve yapilarinda fazla bosluk
barindirdiklart icin yongalevha kapli panellerin vida tutma direncleri, kontrplak kapl
panellerin vida tutma direnglerinden daha az oldugu belirtilmistir (Candan, 2012). Calisma
sonuglar: bu bakimimdan literatur ile uyumludur.

Ahsap esasli kompozit panellerin gekirdek geometrileri ve yiizeylerinde kullanilan
malzemeler ile bunlarin etkilesimlerinin, levha ylizeyinden vida tutma direncine etkilerinin
anlamlilik seviyelerini belirlemek i¢in ¢oklu varyans analizi yapilmis ve elde edilen sonuglar
Cizelge 4’te verilmistir.
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Cizelge 4. Panellerin vida tutma direnclerine ait coklu varyans analiz sonucu

Varyanslar Kareler SD Kareler Anlamhlik dizeyi
Toplami Ortalamasi (p<0.05)

Yuzey 19.691 1 19.691 7.356 0.008*

Cekirdek 3995.337 3 1331.779  497.535 0.000*

Yiizey * Cekirdek 274.425 3 91.475 34.174 0.000*

Hata 192.726 72 2.677

Toplam 26950.300 80
Diizeltilmis Hata 4482.179 79

*: Anlamli, SD: Serbestlik derecesi

Cizelge 4’teki coklu varyans analizine gore geometrik oluklu panellerde yizey
malzemesi, ¢ekirdek geometrisi faktorleri ile bu iki faktoriin ikili etkilesimin; panellerin levha
ylzeyinden vida tutma direnclerine olan etkilerinin (p<0.05) istatistiksel olarak anlamli
olduklar tespit edilmistir. Ayrica panellerin vida tutma direnclerine en biyuk etkiyi ¢ekirdek
geometrisinin yaptig1 (F: 497.535) tespit edilmistir. Ylzey malzemesinin etkisi ise ¢ok diisiik
oldugu (F: 7.396) gorilmektedir. Etkileri anlamli olan faktorlerin gruplar1 arasindaki
farkliliklar1 tespit etmek icin Duncan testi yapilmistir. Yiizey malzemesine gore levha
yuzeyinden vida tutma direncine ait homojenlik grubu Cizelge 5’te verilmistir.

Cizelge 5. Panellerin yuzey malzemesine gore vida tutma direnclerine ait homojenlik gruplar:

Yiizey Malzemesi N X (N/mm2) HG
Kontrplak 40  16.26 B
Liflevha 40 17.25 A
LSD: 0.73

HG: Homojenlik grubu; N: Numune sayis1

Cizelge 5’e gore levha ylzeyinde vida tutma direnci; panellerin yizeylerinde kullanilan
malzeme tirlerine gore farkli oldugu tespit edilmistir. Panellerde kullanilan liflevha ylzeyinin
levha yiizeyinden vida tutma direncinin kontrplak yilizeyden daha yiiksek degere sahip olmasi;
yizeyde kullanilan lif levhanin yogunluk degerinin yiiksekliginden kaynaklandigi
sOylenilebilir. Literaturde; sandvi¢ panellerde yiizey katmani olarak yonga levha ve kontrplak
malzeme kullanilan ¢alisma sonucunda kontrplak yiizeyinin vida tutma direncinin daha
yiiksek oldugu tespit edildigi (Candan, 2012), Yonga levhalarda, ylizey yonga oraninin
artmast sonucu ile panel yogunluklarmin artmasiyla mekanik direnclerde de artiglar
gerceklestigi (Istek ve ark., 2017) ve orta yogunluktaki lif levhalarin vida tutma direnclerinin
13.57 N/mm?2 oldugu (Imirzi, 2008) belirtilmistir. Calisma sonuglar1 literatiir ile uyumludur.

Geometrik oluklu panellerde cekirdek geometrisinin levha yiizeyinden vida tutma
direnclerine etkisine iliskin homojenlik gruplar1 Cizelge 6’da verilmistir. Cizelge 6’ya gore
levha yilizeyinden vida tutma direnci en yiksek kontrol grubunda 28.80 N/mm?2 iken
geometrik oluklu g¢ekirdege sahip panellerde ise en yiiksek levha yiizeyinden vida tutma
direnci ise dikdortgen oluklu ¢ekirdek geometrisinde 14.79 N/mmz? olarak tespit edilmistir.
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Cizelge 6. Panellerin ¢ekirdek geometrisine gore vida tutma direncine ait homojenlik gruplari

Cekirdek Geometrisi N X (N/mm2) HG
Dairesel Oluklu 20 11.35 C
Trapez Oluklu 20 12.10 C
Dikdortgen Oluklu 20 14.79 B
Kontrol Grubu 20 28.80 A
LSD: 1,03

HG: Homojenlik grubu; N: Numune sayist

Ylzey malzemesi ve ¢ekirdek geometrisinin ikili etkilesimine bagli levha ylizeyinden
vida tutma direncine ait homojenlik gruplar1 Cizelge 7’de verilmistir. Cizelge 7’ye gore
cekirdek geometrisi ve ylizey malzemesinin ikili etkilesiminin levhalarin yilizeyinden vida
tutma direnglerine etkisine bakildiginda; geometrik oluklu panellerde en yiiksek levha
yiizeyinden vida tutma direnci kontrplak yilizey ile dikdortgen oluklu ¢ekirdek etkilesiminde
15.36 N/mm?2 oldugu goriilmektedir. En diisiik levha yiizeyinden vida tutma direnci ise
kontrplak yiizey ile dairesel oluklu cekirdek etkilesiminde 8.92 N/mm? oldugu tespit
edilmistir. Farkli geometrik oluklu c¢ekirdege sahip liflevha yiizeyli panellerde levha
yiizeyinden vida tutma direnci kontrol numunesine gore %47 ile %51 oraninda azaldig tespit
edilmistir. Kontrplak ylizeyli panellerde ise levha yiizeyinden vida tutma direnci kontrol
numunelerine gore %50 ile %71 oraninda azaldig1 goriilmiistiir.

Cizelge 7. Panellerin yiizey malzemesi ve ¢ekirdek geometrisinin ikili etkilesimine bagl
olarak levha yiizeyinden vida tutma direncine ait homojenlik gruplari

Yilizey Malzemesi Cekirdek Geometrisi N X (N/mm?) HG*

Kontrol Grubu 10 26.81 B

Lif levha Pairesel Oluklu 10 13.78 D
Dikdortgen Oluklu 10 14.21 CD
Trapez Oluklu 10 14.23 CD

Kontrol Grubu 10 30.79 A

Kontrplak I_Z)airesel Oluklu 10 8.92 E
Dikdortgen Oluklu 10 15.36 C

Trapez Oluklu 10 9.98 E

LSD: 1.456

*HG: Homojenlik grubu; N: Numune sayis1

Dikdortgen oluklu gekirdege sahip panellerde levha ylzeyinden vida tutma direncinin
yiiksek olmasi; Cizelge 2’de goriildiigii gibi panel yogunluguna bagh olarak gerceklestigi
soylenebilir. Ote yandan geometrik oluklu panellerde vida tutma direncinin kontrol
numunesine oranla daha disiik direncglerde olmasi; panel yiizeyinin derinligine nifuz eden
vida adimlarindan bir kisminin bosta kalmasindan ve yine panellerin yogunluk degerlerinin
azalmasindan kaynakl oldugu séylenilebilir.

Literatirde; cekirdek ve ylizey katmanlarinda farkli malzemelerin kullanilmas: vida
tutma direnglerinde farkli katkilar sagladig: (Srivaro ve ark., 2014), vida tutma direncinin
oncelikle ylizey ve g¢ekirdek katmalarimin yogunluklarina bagli olarak degistigini, bunun
yaninda vida adimi sayisi, kilavuz delik g¢api, dis dibi derinligi gibi faktérlerin etkisinin
oldugu tespit edilmistir (Pour ve ark., 2022). Calisma sonuglari literatiir ile uyumludur.
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4  Sonugclar ve Oneriler
Bu caligsmadan elde edilen bulgulara gore;

e Geometrik oluklu ¢ekirdege sahip panellerin levha yiizeyinde vida tutma
direnclerinin kontrol panellerine gore azaldig: tespit edilmistir.

e Yapilan denemeler sonucunda, levha yuzeyinde vida tutma direnci kontrplak
yiizeyli dikdortgen oluklu ¢ekirdege sahip panelde 15.36 N/mm? oldugu tespit
edilmistir.

e Geometrik oluklu c¢ekirdege sahip panellerin yogunluklart kontrol grubu
panellerine kiyasla %18.3 ile %33 oraninda azaldig tespit edilmistir.

e Hem c¢ekirdek geometrisi ve hem de panellerde kullanilan yiizey
malzemelerinin, panellerin levha yizeyinden vida tutma direnclerine olan
etkilerinin istatistiksel olarak anlamli olduklar tespit edilmistir.

Farkli geometrik oluklu ¢ekirdege sahip panellerin, levha yiizeyinden vida tutma direnci
ve diger mekanik ozelliklerin gelistirilmesi olduk¢a 6nem arz etmektedir. Bundan dolay1
farkli tiplerdeki yapistiricilar ile yogunluk degerleri farkli olan odun liflerinin kullanilmasi ile
kalipsal {iretime dayal1 bir Gretim sireci Onerilir.
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