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Abstract: Wood has been used in the construction, furniture, and automotive industries since 

ancient times. In areas where wood material is used, it is combined with various fasteners. The 

durability of the products produced using wooden materials depends on the performance of the 

fasteners. Since wood is a hydroscopic and biodegradable material, various changes occur in its 

structure when exposed to external weather conditions. Wood materials used especially in the field 

of construction and urban furniture are exposed to effects such as extreme temperatures, freezing, 

moisture, or drying depending on the seasons. In this study, the effect of freeze-thaw cycling (FTC) 

process on screw direct withdrawal resistance (SDWR) of plywood produced from beech, ozigo, 

and okoume species was investigated. In this context, the effects of screwing time (before or after), 

screw orientation (face or edge), number of cycles (0 to 7) in the FTC process and plywood type 

parameters on SDWR were investigated. As a result of the tests, when the mean SDWR values were 

examined according to the plywood type, the highest values were obtained in beech, ozigo, and 

okoume plywood, respectively. Considering the screwing time parameter, it was determined that 

there was no statistically significant difference between the mean SDWR values in other plywood 

types except beech plywood (p<0.05). When the screw orientation parameter is examined, screwing 

in the face direction gave better results than screwing in the edge direction in all plywood types. 

There was a decrease in the mean SDWR values inversely proportional to the increase in the number 

of cycles in FTC-treated plywood. 

Keywords: freeze thaw cycling; screw direct withdrawal resistance; plywood; screw orientation; 

screwing time 

 

1. Introduction 

With the development of technology, the types of materials used in living spaces have also 

changed. But, even though many new materials have come out, wood is still preferred and 

encouraged because of its unique qualities. It will continue to be preferred due to its many 

advantages, such as its high resistance compared to its specific gravity, easy processing, good paint 

and varnish acceptance, good heat and sound insulation, aesthetic appearance, fast recycling to 

nature, renewable and carbon blocking material. 

Wood is a naturally occurring material that is heterogeneous and anisotropic, and it has various 

growth defects. Wood material, which has been used since the early ages of humanity, is widely used 

in many sectors, such as construction, furniture, and automotive. Wood used as a building material 

undergoes a multi-stage classification and processing. In the process from wood to building 

components, the yield drops to 25-35% during processing [1,2]. 

The increasing use of wood, a biodegradable material, puts pressure on forests. In order to 

reduce this pressure, various wood-based panels are produced by utilizing lignocellulosic wastes. 

Wood-based panels (MDF, particleboard, CLT, LVL, glulam, plywood, etc.) are widely used in 

woodworks such as furniture, wooden structures, and flooring [3,4]. 
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Plywood is one of the wood-based panel products that is manufactured at the highest volume. 

Plywood is produced by pressing the wood veneers under high temperature and pressure by 

stacking them on top of each other in such a way that the fiber directions are perpendicular to each 

other using a thermoset adhesive. Due to its improved dimensional stability, water-resistance 

properties, and high mechanical strength acquired via layered manufacturing, it is almost defect-free, 

available in large dimensions, different sizes, and grades ideal for all uses [5–8]. 

The strength of wooden building and furniture mainly depends on the mechanical properties of 

the materials they are produced, the type of fastener, the number, dimensions, etc. parameters. The 

performance of the fasteners is one of the most important factors influencing the quality of furniture 

construction. Today, especially in the furniture industry, numerous fasteners such as mechanical cam 

locking, screw-in, bolt-tightening, bracket, and hooks are used. Failure to do the proper fastening 

may result in reduced strength of the connection point and extend the assembly time. For this reason, 

fasteners with the fastest / easiest application and high connection strength should be selected [9–11]. 

Screws are the most commonly used fasteners in products manufactured using wood materials. 

In the construction of furniture, screws are frequently used for a variety of purposes, including 

connecting tops to tables, cabinets, and bases, attaching shelves to end members, framing cabinets, 

and installing hardware [12,13]. The rigidity of furniture and accessories in screw joints largely 

depends on the screw withdrawal resistance of the screws used in the connections and the wooden 

materials used in production. Therefore, it is important to obtain information on the screw 

withdrawal resistance of wood materials in order to gain insight into the durability and stability of 

the whole system [14–16]. 

There are a lot of studies on the screw withdrawal resistance of wood and other materials that 

are based on wood that can be found in the literature. Each species of tree has its own unique set of 

anatomical, physical, and mechanical characteristics, which set it apart from the others. Because of 

this, the resistance of wood and other materials based on wood to the screw withdrawal differs from 

species to species as well. The screw withdrawal resistance of wood depends on the wood species, 

wood density, temperature, wood moisture content, screw diameter, and penetration depth [17–20]. 

Due to global climate change, significant changes occur in the usual weather conditions. Wood 

and wood-based materials are exposed to variable climatic conditions at their place of use. Especially 

moisture and temperature changes change the physical and mechanical properties of wood and 

wood-based materials. The difficulties that arise in the process of preserving historical buildings are 

directly attributable to shifts in the climatic system, and more specifically, to the intensification of a 

wide range of weather phenomena. The United Nations Educational, Scientific, and Cultural 

Organization (UNESCO) has developed an overview of the principal issues regarding climate change 

and its consequences for cultural heritage. Damage caused by cycles of freezing and thawing, thermal 

stress, biological activity, moisture penetration, metal corrosion, crystallization, and salt dissolving 

are some of the things that are included on that list [21–26]. 

Wood and other products based on wood can sustain damage to the tune of millions of dollars 

each year if they are subjected to a variety of weather conditions. Concerns have been expressed 

about the durability of wood and wood-based products in outdoor applications, including fungi 

resistance, UV resistance, moisture resistance, and dimensional stability. In the literature, it has been 

reported that the freeze-thaw phenomenon significantly affects the physical and mechanical 

properties of wood and wood-based materials. For this reason, it is very important to determine how 

resistant wood-based materials and other materials used with them will be to various environmental 

conditions. As a result, freeze-thaw durability emerges as an important factor that will determine the 

service life of wood and wood-based materials, especially in cold regions where the freeze-thaw 

phenomenon is common [27–30]. 

In this study, it was aimed to investigate the effect of freeze thaw cycling (FTC) process on screw 

direct withdrawal resistance (SDWR) of plywood produced from beech (Fagus orientalis L.), ozigo 

(Dacryodes buettneri) and okoume (Aucoumea klaineana Pierre) species. In addition, the effects of 

screwing time (before/after FTC), screw orientation (face/edge), and the number of cycles in the FTC 
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process (from 1 to 7) on SDWR were also investigated. Changes in the structure of screws and 

plywood were observed after the FTC process. 

2. Materials and Methods 

In this study, 7-layer, 12 mm thick (outer layer thickness 1 mm, inner layer thickness 2 mm) 

plywoods produced using beech (Fagus orientalis L.), ozigo (Dacryodes buettneri) and okoume 

(Aucoumea klaineana Pierre) species obtained from a plywood factory operating in Kastamonu/Turkey 

were used. In the production of plywood, the amount of adhesive (phenol formaldehyde) is 160 

gr/m2, the press temperature is 114 °C, the press pressure is 110 bar/m2 and the pressing time is 16 

minutes. 

The supplied plywoods were cut in accordance with the EN 13446 standard to obtain test blocks 

with dimensions of 50x50x12 mm3 (Figure 1). The test blocks obtained were conditioned for two 

weeks at 65% relative humidity and 20±2 ℃. Densities of plywoods are determined according to TS 

EN 323 standard. 

 

Figure 1. Untreated plywoods (a. beech, b. okoume, c. ozigo). 

In this study, experiment parameters were determined for plywood type, screwing time (before 

and after cycling), screw orientation (face and edge), and the freeze-thaw cycling process. A total of 

1350 test samples, 15 for each parameter, were prepared. Prepared sample codes are shown in Table 1. 

Table 1. Experiment parameters. 

Plywood species Screwing time Screw orientation Number of Cycle 

Beech (Be) Before cycling (B) Face (F) 0 

Ozigo (Oz) After cycling (A) Edge (E) 1 

Okoume (Ok)   2 

   3 

   4 

   5 

   6 

   7 

Pilot holes with a diameter of 3 mm (85.70% of the screw diameter) were drilled on the samples 

(Figure 2). The drilled pilot hole depth is 10 mm and the screwing depth is 12 mm. Within the scope 

of the study, a full-shank single thread universal screw (grey zinc coated) with a diameter of 3.50x30 

mm (shank diameter x total length) and a thread diameter of 3.90 mm was used. In order to examine 

the effect of the FTC process on SDWR, half of the samples were screwed before the FTC process and 

the other half after the FTC process. During the screwing process, care was taken to ensure that the 

screws made a 90° angle with the sample face or edge and that 18 mm of the screw was out of the 

sample. Dremel 3000 drill and workstation are used to drill pilot holes precisely. Pilot holes in the 

samples screwed after the FTC process were drilled after the FTC process and conditioning process. 
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Figure 2. Plywood test specimens (a. pilot hole position; b. pilot hole depth; c. screwing depth) 

(mm). 

The FTC process was applied to the plywoods according to the modified EN 321 standard 

(Figure 3). In this context, the samples were first kept in a laboratory-type water bath at +20 °C for 18 

hours. After this process, the samples were taken out of the water bath, and the excess water was 

removed with the help of a napkin and kept in a laboratory type oven at +60 °C for 6 hours. At the 

end of the period, the samples taken from the oven were kept in a desiccator until they reached room 

temperature. After this process, the samples were kept in a freezer at -40 °C for 3 hours. The samples 

taken out of the freezer were kept in the air-conditioning cabinet at +20 °C for 3 hours and then 

conditioned for 2 weeks at 65% relative humidity and 20±2 °C. This process was repeated 7 times in 

total. The effect of each cycle stage on SDWR was examined. SDWR tests were performed on a 

Shimadzu AGIC/20/50KN testing machine according to the EN 13446 standard. 

 

Figure 3. Scheme of freeze thaw cycling (1 cycle). 

The IBM SPSS 26.0 application was used for the statistical evaluation of the data obtained as a 

result of the study. An analysis of variance was applied to determine the differences between the 
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results. For the purpose of making a comparison of the averages, the post-hoc Duncan test was carried 

out with a reliability level of 95%. 

3. Results and Discussion 

The oven-dry and air-dry densities of beech, ozigo, and okoume plywoods were determined 

according to TS EN 323 (Figure 4). When the results were examined, the highest density was obtained 

in beech plywood, and the lowest density was obtained in okoume plywood. The oven-dry densities 

of beech, okoume, and ozigo solid woods are stated in the literature as 0.62 g/cm3, 0.37 g/cm3, and 

0.53 g/cm3, respectively. In this investigation, the densities of plywood manufactured from beech, 

okoume, and ozigo species were found to be higher than the densities of solid wood. This difference 

is assumed to be caused by the glue used in plywood manufacturing as well as condensation on the 

veneer sheets during pressing [31–34]. 

 

Figure 4. Densities of beech, ozigo and okoume plywood (g/cm3). 

3.1. Plywood Species Effect on SDWR 

Table 2 shows the mean SDWR values of beech, ozigo, and okoume plywood according to 

screwing time, screwing orientation, and number of cycles in FTC combinations. In general, when 

the SDWR values of face orientation in untreated plywoods were compared, it was determined that 

the highest values were obtained in beech (1279 N), ozigo (726 N), and okoume (691 N), respectively. 

When the SDWR values in edge orientation were compared, it was found that this order did not 

change and the SDWR values were 943 N, 563 N, and 487 N, respectively. 

Table 2. Mean comparisons of SDWR (N) for plywood species within each combination of screwing 

time, screwing orientation and number of cycles. 

Number of cycle 
Screwing  

time 

Screw  

orientation 

Plywood species 

Mean ± SD 

(min-max) 

Beech Ozigo Okoume 

0 

Before cycle 

Face 
A1279±65 

(1138–1344) 

A726±79 

(642–880) 

A691±36 

(642–729) 

Edge 
DE943±26 

(905–976) 

EFG563±35 

(487–600) 

DE487±63 

(395–594) 

After cycle Face 
NA 

 

NA 

 

NA 
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Edge 
NA 

 

NA 

 

NA 

 

1 

Before cycle 

Face 
A1268±72 

(1170–1353) 

B685±78 

(560–792) 

A677±35 

(606–714) 

Edge 
FG818±50 

(735–867) 

EFG561±30 

(500–593) 

DEF469±65 

(373–583) 

After cycle 

Face 
A1246±33 

(1203–1299) 

BC664±31 

(601–698) 

A672±44 

(618–727) 

Edge 
DE936±38 

(909–1007) 

EFG558±43 

(504–647) 

D496±53 

(431–572) 

2 

Before cycle 

Face 
C1050±81 

(978–1198) 

BC660±92 

(521–765) 

A665±62 

(607–791) 

Edge 
HI743±84 

(647–871) 

FG551±63 

(420–599) 

DEFGH456±52 

(392–545) 

After cycle 

Face 
B1189±84 

(1060–1303) 

BC668±523 

(635–697) 

A670±42 

(602–723) 

Edge 
DE931±74 

(809–1032) 

EFG562±27 

(514–587) 

DEFG462±39 

(414–517) 

3 

Before cycle 

Face 
DE945±68 

(925–1001) 

BC641±80 

(534–729) 

B598±27 

(555–641) 

Edge 
I717±37 

(655–766) 

FG550±59 

(503–683) 

FGHI442±40 

(405–523) 

After cycle 

Face 
B1167±31 

(1116–1198) 

BC645±28 

(607–687) 

B596±62 

(525–687) 

Edge 
E926±61 

(847–979) 

EFG559±57 

(509–667) 

DEFG461±35 

(395–497) 

4 

Before cycle 

Face 
F849±71 

(766–935) 

CD631±56 

(565–718) 

C532±60 

(454–634) 

Edge 
IJ704±64 

(604–784) 

JKL479±49 

(403–540) 

FGHI438±63 

(315–527) 

After cycle 

Face 
B1151±37 

(1086–1184) 

BC645±43 

(597–719) 

C540±33 

(489–580) 

Edge 
FG804±78 

(677–891) 

IJK485±34 

(417–529) 

EFGH447±50 

(386–528) 

5 

Before cycle 

Face 
GH778±62 

(724–878) 

EF588±71 

(508–712) 

DEFGH456±64 

(383–537) 

Edge 
KL650±75 

(533–746) 

KL472±53 

(390–538) 

HIJ420±32 

(367–467) 

After cycle 

Face 
C1045±59 

(953–1122) 

DE596±63 

(512–679) 

DEFGH458±27 

(401–475) 

Edge 
JK669±55 

(584–725) 

IJK485±35 

(445–537) 

FGHI434±30 

(374–478 

6 

Before cycle 

Face 
I719±58 

(652–796) 

GHI524±40 

(457–574) 

GHIJ422±48 

(318–469) 

Edge 
N541±27 

(491–570) 

KL463±35 

(403–503) 

K336±40 

(278–401) 

After cycle 

Face 
D978±52 

(911–1052) 

GH534±39 

(456–570) 

DEFGH457±34 

(410–506) 

Edge 
KL639±77 

(513–721) 

KL471±28 

(437–522) 

K344±34 

(305–402) 

7 Before cycle Face 
LM617±61 

(561–720) 

HIJK498±56 

(398–555) 

J387±64 

(317–483) 
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Edge 
O475±87 

(333 – 567) 

L438±69 

(324–547) 

K313±40 

(236–347) 

After cycle 

Face 
E923±68 

(811–1013) 

GHIJ517±42 

(433–552) 

IJ403±50 

(327–462) 

Edge 
MN582±37 

(534–650) 

L439±41 

(401–501) 

K340±34 

(304–389) 

Note: mean, arithmetic mean; SD, standard deviation. Superscript letters of A, B, C, D, E, F, G, H, I, J, K, L, M, N 

and O are homogeneous subset of post-hoc test results (p<0.05). 

A comparison of the mean SDWR values of plywood types is given in Table 3. When the mean 

SDWR values were compared, a statistically significant difference was found between the groups 

(p<0.05). When the mean SDWR values were compared, the highest values were obtained in beech 

plywood (873 N), ozigo plywood (561 N) and okoume plywood (486 N), respectively. According to 

this result, it was understood that the mean SDWR values were directly proportional to the density 

of the plywoods, in accordance with other studies in the literature [35–38].  

Table 3. Mean comparisons of SDWR (N) for plywood species. 

 

Plywood Species 

Mean ± SD 

(min-max) 

Beech plywood Ozigo plywood Okoume plywood 

SDWR (N) 
A873±117 

(333–1353) 

B561±94 

(324–880) 

C486±131 

(236–791) 

Note: mean, arithmetic mean; SD, standard deviation. Superscript letters of A, B, and C are homogeneous subset 

of post-hoc test results (p<0.05). 

3.2. Screwing Time Effect on SDWR 

The main reason for examining the effect of screwing before and after the FTC process on SDWR 

is to understand how SDWR will change with the swelling and shrinkage that will occur in the 

screwed plywood after water treatment. On the other hand, it is known that screws made of metal 

will expand upon heating and contract upon freezing. It is also desirable to determine how the 

screwed plywoods will behave in this case with the FTC process. Figure 5 shows the effect of screwing 

time on the mean SDWR. Half of the plywoods were screwed before the FTC process and subjected 

to the FTC process as screwed. The other half of the plywood was subjected to conditioning after the 

FTC process, and after this process, pilot holes were drilled and screwed. According to Figure 5, it is 

seen that the screwing time does not make a statistically significant difference in other plywoods 

except beech plywood (p>0.05). Screwing after the FTC process in beech plywood gave better results 

than screwing before the FTC process. 
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Figure 5. Mean comparisons of SDWR (N) for screwing time. (Superscript letters of A and B are 

homogeneous subset of post-hoc test results [p<0.05]). 

The shapes and external appearances of the plywoods under the influence of the FTC process 

were carefully monitored. It has been determined that the FTC process has little effect on the shape 

and appearance of ozigo and okoume plywoods compared to beech plywoods. At the end of the FTC 

process, small cracks were found on the surfaces of the beech plywoods (Figure 6). In some samples, 

it was observed that there were separations in the glue line between the layers. This is thought to be 

due to the fact that the densities of beech plywoods are higher than that of ozigo and okoume 

plywoods. Since beech plywood has a high density, it is exposed to more swelling during water 

treatment and more shrinkage during drying than other plywoods. This causes the layers to separate 

from the glue line and cause cracks [39–41]. 

 

Figure 6. Freeze thaw cycle effect on plywood (a. okoume; bc. beech; d. ozigo). 

It was observed that the screws were corroded and rusted during the FTC process (Figure 7). 

According to the observations made at the end of 7 cycles, no loosening, thinning, etc. findings were 

observed in the screws. It is thought that by increasing the number of cycles in the FTC process, the 

corrosion level of the screws will increase, and accordingly, SDWR will be affected. 
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Figure 7. The effect of freeze thaw cycling on screws (a. cycle no 5; b. cycle no 6; c. cycle no 7). 

According to all these findings, it was understood that the mean SDWR values of plywoods and 

the deformation in their shape and outer appearance were related to the effect of the FTC process. 

The main reason why the FTC process affects the mean SDWR of beech plywoods more than other 

plywood species may be that the density of beech plywoods is higher than other plywood species, 

and therefore, with higher swelling and shrinkage, it may be that the penetration of screw threads to 

the plywood is difficult, making the adhesion and reducing the SDWR. It is not possible to compare 

the results because there is no study in the literature examining the effect of the FTC process on SDWR 

in plywoods. 

3.3. Screw Orientation Effect on SDWR 

The SDWR test results performed on the face and edge directions of beech, ozigo, and okoume 

plywood are given in Figure 8. A statistically significant difference was found between the mean 

SDWR values in all plywood species in face and edge orientation (p<0.05). It was determined that the 

mean SDWR values of plywood screwed in face orientation were higher in all plywood species than 

those screwed in edge orientation. It has been determined that the mean SDWR values of the 

plywoods screwed after the FTC process are generally higher than the screwed plywoods before the 

FTC process. 

 

Figure 8. Mean comparisons of SDWR (N) for screw orientation. 

In general, it is known that with the increase in the density of wood and wood-based composites, 

their mechanical properties and SDWR values also increase. On the other hand, due to the pressing 

process of plywood during production, an increase in density occurs in the thickness direction. 

Therefore, the density in the face orientation is higher than in the edge orientation [42–44]. The main 

reason for the higher SDWR in the face orientation than in the edge orientation is thought to be the 
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difference in density. Also, during screwing from the face orientation, the screw penetrates each of 

the plywood layers. Screw treads can hold on to each layer. This does not apply to screwdriving from 

the edge orientation. When screwing from the edge, the screw treads can only hold on to a few of the 

plywood layers. Another reason for the SDWR differences in face and edge orientation is thought to 

be due to this situation. 

3.4. Freeze Thaw Cycle Effect on SDWR 

The SDWR test results of beech, ozigo, and okoume plywoods according to the effect of the FTC 

process are given in Table 4. Accordingly, it was determined that there was a statistically significant 

difference between the mean SDWR values in all plywood species (p<0.05). 

Table 4. Mean comparisons of SDWR (N) for number of freeze thaw cycles. 

Num. 

of  

cycle 

Beech plywood Ozigo plywood Okoume plywood 

Before cycle After cycle Before cycle After cycle Before cycle After cycle 

Face Edge Face Edge Face Edge Face Edge Face Edge Face Edge 

0 A1279 A943 – – A726 A563 – – A691 A487 – – 

1 A1268 B818 A1246 A936 AB685 A561 A664 A558 A677 AB469 A672 A496 

2 B1050 C743 B1189 A931 B660 A551 A668 A562 A665 ABC456 A670 B462 

3 C945 C717 B1167 A926 BC641 A550 A645 A559 B598 BC442 B596 B461 

4 D849 C704 B1151 B804 BC631 B479 A645 B485 C532 BC438 C540 B447 

5 E778 D650 C1045 C669 C588 B596 B596 B485 D420 C420 D458 B434 

6 F719 E541 D978 C639 D524 B463 C534 B471 DE422 D336 D457 C344 

7 G617 F475 E923 D582 D498 B438 C517 C439 E387 D313 E403 C340 

Note: Superscript letters of A, B, C, D, E, F and G are homogeneous subset of post-hoc test results (p<0.05). 

When Table 4 is examined, it is determined that the mean SDWR values of all plywood species 

decreased with the increase in the number of cycles in the FTC process. On the other hand, for all 

plywood species, it was observed that the mean SDWR values of screwed plywoods before the FTC 

process decreased more than those of screwed plywoods after the FTC process. According to this 

result, it can be said that there is a relationship between the FTC process and the screwing time. 

When the relationship between the screwing of plywood from face and edge orientations and 

the number of cycles in the FTC process is examined, it is understood that the increase in the number 

of cycles has the most effect on screwing from the edge orientation. For example, when the samples 

screwed after the FTC process in beech plywood were examined, the mean SDWR values of the 

samples screwed from the face orientation decreased by 27.83% after the 7th cycle compared to the 

control groups, while the mean SDWR values of the samples screwed from the edge orientation 

decreased by 38.28%. This is thought to be due to the fact that the shrinkage and swelling ratio in the 

edge orientation, which occurs with moisture in plywoods, is higher than the shrinkage and swelling 

ratio in the face orientation, and accordingly, the bonding strength between the layers is reduced 

[39,45–48]. 

It has been observed that the FTC process not only has an effect on SDWR in plywood, but also 

affects the appearance properties. In Figure 9, it can be seen how the external appearance of beech, 

ozigo, and okoume plywood is affected after a total of 7 cycles with the control samples. The color of 

all plywoods, especially ozigo plywoods, darkened with the increase in the number of cycles. 
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Figure 9. General view of the specimens before the SDWR tests (a. beech – face screwing, b. beech – 

edge screwing, c.  ozigo – face screwing, d. ozigo – edge screwing, e.  okoume – face screwing, f. 

okoume – edge screwing; numbers from 0 to 7 indicate the number of cycles). 

4. Conclusions 

This study basically presents the relationship between the FTC process and SDWR, but in real 

use, plywood is exposed to such extreme temperatures or more freezing effects periodically and for 

longer periods of time. It should be known that the increase or decrease in the number of cycles, 

temperature and exposure time in the FTC process may have an effect on SDWR. In addition, 

prolonged exposure to natural climatic temperature variation is required to better correlate data 

obtained under laboratory conditions with natural exposure results. 

According to the results of the study, the oven dry densities of beech, ozigo, and okoume 

plywoods were determined as 0.74 gr/cm3, 0.52 gr/cm3, and 0.41 gr/cm3, respectively. 

When the effect of plywood species on SDWR was examined, the mean SDWR values of beech, 

ozigo, and okoume plywoods were found to be 873 N, 561 N and 486 N, respectively, in direct 

proportion to the density. 

When the mean SDWR values of the plywoods exposed to the FTC process were compared with 

the mean SDWR values of the plywoods that were not exposed to the FTC process, it was determined 

that there was no statistically significant difference except for the beech plywoods. When the mean 

SDWR values of beech plywoods are examined, better results are obtained in screwed plywoods after 

the FTC process compared to screwed plywoods before the FTC process. It is thought that this 

situation is caused by microcracks in beech plywoods due to the FTC process. 

When the effect of screw orientation on mean SDWR was examined, it was determined that the 

test results obtained from face orientation were higher than those obtained from edge orientation in 

all plywood species. 

When the effect of the FTC process on the mean SDWR was examined, it was determined that 

the mean SDWR decreased in all plywood species with the increase in the number of cycles in the 

FTC process. With the effect of the FTC process, mean SDWR decreased more in edge orientation 

than in face orientation. This shows that the FTC process affects edge orientation more than face 

orientation. 
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It has been determined that the color of the plywood under the influence of the FTC process 

generally becomes darker with the increase in the number of cycles in the FTC process. In addition, 

with the increase in the number of cycles in the FTC process, it has been observed that corrosion 

occurs in the screws.  

It is recommended to carry out new studies by modifying the FTC process conditions and the 

cycle number and using different fasteners in order to support this study, which was carried out in 

order to understand how the resistance properties of the connection points are affected, especially in 

harsh outdoor weather conditions for plywood used in the construction and furniture industry. 
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