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Abstract

Aim of study: The purpose of this study was to investigate the effect of the pilot-hole, screw type,
screwing direction, water soak and adhesive on the screw withdrawal strength in plywood.

Material and Methods: Testing blocks were cut from 18-mm-thick beech plywood and were sized to 50
mm X 50 mm according to TS EN 13446 standards. Polyvinyl acetate (PVAc) and polyurethane (PU) as
adhesives were injected into predrilled holes (80% of the screw major diameter). Two types of screws (3.5
mm and 4 mm in diameter) were inserted in perpendicular (face) and parallel (edge) to the surface of blocks.
Half of the blocks were immersed in water for 2 hours before the screw withdrawal test. The results were
analyzed and interpreted by statistical analysis.

Main results: The results indicated that the screw withdrawal strength perpendicular to the surface is
higher than that the one parallel to the surface. The testing blocks with PU specimens in pilot-hole showed
higher screw withdrawal strength than the blocks with PVAc. The screw withdrawal strength was lower
when blocks were immersed in water. It was also found that the screw withdrawal strength increases, as the
screw major diameter increases.

Research highlights: It was concluded that applying PU in pilot-holes before driving screw into
plywood significantly affected screw withdrawal performance.
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Kontrplakta farkh degiskenlerin vida cekme direnci iizerindeki etkisi

Ozet

Calismanmin amaci: Kontrplagin vida ¢ekme direnci iizerine kilavuz deliginin, vida tipinin, vidalama
yoniiniin, suda bekletmenin ve yapistiricinin etkisini aragtirmaktir.

Materyal ve Yontem: Calismada gaplari sirastyla 3.5 mm ve 4 mm olmak iizere 2 tip vida kullanilmustir.
Temin edilen 18 mm kalinligindaki kontrplak TS EN 13446 standardina gére 50 mm x 50 mm boyutlarinda
ebatlandinlmstir. Kilavuz deliginin ¢api, testlerde kullanilan vida g¢apinin %80’i olacak sekilde delme
islemi yapildi. Polivinil asetat (PVAc) ve Poliiiretan (PU) tutkallar1 kilavuz deliklerine enjekte edildikten
sonra ornek yiizeyine ve kenarma vidalama islemi gerceklestirildi. Orneklerin yaris1 2 saat siire ile suda
bekletildikten sonra vida ¢gekme testleri yapildi. Testlerin sonuglari istatistik analiz ile yorumlandi.

Sonuglar: Sonuglar incelendiginde kilavuz deligi agilmayan 6rnekler daha yiiksek vida ¢ekme direnci
gostermistir. Ayrica yilizeyden uygulanan vida ¢ekme direncinin kenardan uygulanana gore daha yiiksek
oldugu tespit edilmistir. Tutkal uygulanan kilavuz delikli drnekler incelendiginde Poliiiretan (PU)
uygulananlarin vida ¢gekme mukavemeti Polivinil asetat (PVAc) uygulananlara gore daha yiiksek oldugu
belirlenmistir. Suda bekletilmis 6rnekler incelendiginde daha diisiik vida ¢ekme mukavemeti gostermistir.
Ayrica vida gap1 arttikga vida gekme mukavemetinin arttig1 tespit edilmistir.

Arastirma vurgular: Kontrplakta vidalama dncesinde kilavuz deliklerine PU uygulanmasi vida tutma
performasini 6nemli 6l¢iide etkilemektedir.

Anahtar Kelimeler: Vida ¢ekme, Kontrplak, Kilavuz deligi, Polivinil asetat, Poliiiretan
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Introduction

Wood and wood-based materials are the
most common construction materials in terms
of residential and commercial purposes
(Yorur, 2016). One of the widely used wood-
based material is plywood where it is suitable
for floors, roofs, wall paneling, furniture,
cabinets, counters. Since plywood can be used
for a wide variety of interior and exterior
applications, it is importantly necessary to
protect this material due not to come into
contact with especially water or moisture over
time.

In order to connect wood and wood based
composites to any wooden material or any
other materials such as metal or plastics
fasteners such as nails, bolts, dowels, screws
and nail plates are used (Tor et al., 2016). The
durability and rigidity of  furniture
construction depend largely on the screw
performance such as screw driving torque and
screw-holding ability in which some factors
such as screw type, embedded screw
orientation,  pilot-hole  diameter  and
penetration depth (Ors et al., 1998; Tor et al
2015; Tor et al., 2016; Eckelman & Rajak,
1993; Eckelman, 1988; Eckelman, 1973;
Eckelman, 1975; Eckelman, 1990).

Rajak and Eckelman (1993) reported that
the pilot holes increased the screw holding
strength in the face and edge surfaces of
medium density fiberboard and particleboard.
And so, the pilot holes should be equal to
about 80-85 % of the major diameter of the
screw. However, in another study, it was
reported that pilot-hole diameters did not
affect the direct screw withdrawal when pilot-
holes were drilled between 50% and 90% of
screw major diameter in particleboard and
40% and 70% in Douglas fir plywood
(Carroll, 1970). Some other factors such as
moisture content (MC), specific gravity and
surface smoothness affected the screw
withdrawal strength (SWS) (Rammer, 1999;
Akyildiz & Malkocoglu, 2001). The
withdrawal strength of screw in a wood
section with 30% MC was lower than the one
with 12% MC (Akyildiz & Malkocoglu,
2001).

A linear trend was found between
withdrawal strength and screw major diameter
in various investigations. However, there was
no relationship between screw length and
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withdrawal strength (Eckelman, 1978; Ors et
al., 1998). In a similar study about SWS,
driving torque and withdrawal strength were
increased by increasing the length of the
screw (Fujimoto & Mori, 1983).

Erdil Y. et all, (2002) worked on the
holding strength of screws in different
plywoods including SPLY-1 (5-ply southern
pine with the density of 575 kg/m3), SPLY-2
(6-ply southern pine with the density of 581
kg/m3), SPLY-3 (5-ply southern pine with the
density of 589 kg/m3) and their thicknesses
were 18 mm. Another type of plywood coded
HPLY (6-ply with the density of 581 kg/m3)
with thickness of 19 mm was studied in this
study. The results of this study indicated that
the screw gage, pilot-hole diameter and board
thickness can affect the perpendicular and
direct screw withdrawal load in plywood and
OSB. In the case of screw embedded
orientation, screw holding strength in the edge
of wood-based materials was lowest because
the fasteners were inserted in the middle layer
of panels (Eckelman & Rajak, 1993).

In the case of using adhesive in pilot-holes
before screwing affected the screw holding
performance. A study on this subject indicated
that, adding glue (PVA) in the pilot holes
increased the screw holding strength by 9 -
45% in parallel to the surface and 7-39%
perpendicular to the surface (Senay, 1996). In
a study, for laminated specimens that were
prepared with beech layers of 2 and 4 mm
thickness by the use of Polyurethane (PU) and
Polyvinyl acetate (PVAc) glues. The
withdrawal strengths of nail for the testing
blocks prepared with PU glue was higher than
those prepared with PVAc glue. The results on
radial sections showed that the layer thickness
did not affect the withdrawal strength of nail,
whereas the type of glue used was effective
(Senay, 1996).

The primary objective of this study was to
obtain information about the characteristics of
SWS into plywood. The specific objectives
were 1) to obtain typical load-time graphs
showing maximum screw withdrawal load
during the course of screw withdrawal from
plywood; 2) investigate the effects of type of
pilot-hole, embedded screw orientation, major
diameter of screw and water soak. With this
study, plywood and furniture manufacturers
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can understand screw withdrawal

performances of their products.

Material and Method

Experimental design
A complete three-factor factorial experiment
with 7 replications per combination was
conducted to evaluate factors on direct
withdrawal of screws in plywood. The three
factors were type of pilot-holes (no pilot-hole,
pilot-holes at 80% of the major diameter of
screw, pilot holes with PVAc and PU),
embedded screw orientation (edge and face),
major diameter of screw (3.5 and 4.0 mm),
and water soak (non-treated and water-

treated). Therefore, a total of 224 SWS tests
were performed on 112 testing blocks. The
nominal dimension of each testing block was
50 mm in length, 50 mm in width and 18mm
in thickness (TS EN 13446). The dimensions
and orientations of a single block are shown in
Figure 1. Plywood was beech plywood
consisted of 11 veneer laid crossways to each
other and bonded together with an adhesive.
The screws were Philips flathead sheet metal
screws made from zinc plated steel. The
dimensions of two screw sizes used in this
study were 3.5 in diameter x 45 mm in length
and 4 in diameter x 45 mm in length.

b) Edge

Figure 1. The dimensions and orientations of a single block
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Measurement

The testing blocks were cut from full size
of beech plywood panels (2.5 m x 1.25 m) and
were acclimatized at (20 £+ 2) °C and (65 £ 5)
% relative humidity for two weeks according
to EN 320. The density of plywood was 700
kg/md. The testing blocks were separated into
two groups. In the first group, the testing
blocks were not immerse in water whereas the
ones in the second group were immerse in
water to determine the effect of water and type
of adhesive on SWS into plywood. Type of
pilot holes were selected as no pilot-hole (type
1), only pilot- hole (type I1) and pilot hole with
PVAc (type IIlI) and PU (type IV) and to
perform the tests. PU and PVAc were used as
mounting adhesive into the pilot-holes. The
pilot-holes were drilled in the (80% of screw
major diameter) at the center of each
embedded screw orientation for the type pilot
hole of II, Ill, and IV. After the pilot-holes
were drilled for type 11l and 1V, the adhesives
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were poured into the pilot-holes (TS EN
13446) before driving the screws in the testing
blocks. All testing blocks were prepared as
specified above for both groups until this
point. For the second group, half of the testing
blocks were immersed in water two hours to
fully prepared for the SWS test.

Screw withdrawal tests were carried out on
a Zwick Rowell Testing Machine in
accordance with EN 320 and TS EN 13446.
As shown in Figure 2, one SWS test was
performed into edge and face of the same
block, separately.

Results and Discussion

Table 1 summarizes mean values of screw
withdrawal load in plywood ranged from 713
to 3643 N. In general, mean SWS values in the
face of a specimen were significantly higher
than the ones in the edge in all types of pilot-
hole.
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SWS curves that the SWS values reach at the maximum
Figure 3 shows a typical curve for SWS for about 8 sec. All SWS curves tended to have
in each type of pilot holes. The graph shows similar trend.

Figure 2. SWS test setup
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Figure 3. Load-time curve of direct screw withdrawal test for the type of pilot-holes
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Table 1. Mean withdrawal strength and their standard deviation in each combination

MaJO(}rS(illjaer\]quEter Water soak Enggl‘ee(jv(\jled Type of Mean S(E’i\i/rl]:talr)?‘l
(mm) orientation pilot-hole (N) (N)
| 3217 (4 126
oo I 2265 (6) 126
3 i 2349 (8) 185
5 IV 3042 (3) 86
%‘ [ 2381 (17) 411
= I 1573 (10) 165
Edge I 1852 (9) 166
. Y, 2575 (13) 340
' | 3114 (6) 179
Face I 1562 (6) 96
2 i 2597 (7) 184
g \Y, 3142 (9) 298
5 | 1601 (17) 266
= dge [ 713 (6) 40
i 1563 (18) 278
Y, 2125 (15) 329
| 3371 (8) 261
e I 2993 (8) 247
3 i 2570 (10) 267
5 IV 3402 (7) 223
‘g‘ | 2569 (5) 118
z I 2096 (11) 238
Edge " 2054 (19) 419
a0 \Y, 3138 (6) 179
' | 3037 (6) 191
Face I 2231 (7) 166
2 i 2713 (9) 239
g Y, 3643 (5) 193
5 | 1421 (4) 55
= Edge [ 1313 (14) 183
i 1902 (13) 238
\Y 2965 (9) 254

2 Values in parentheses are coefficient of variance (%).

Mean SWS comparisons

A general linear model of analysis of
variance (ANOVA) was performed to analyze
significances of four main effects and their
interactions on the SWS data sets at the
5%significance level using SAS 9.4 software
(SAS Institute INC 1999). ANOVA results
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indicated that the four-factor and all three-
factor interactions of data set was not
significant except the three-factor interaction
among screw major diameter, embedded
screw orientation and type of pilot-holes.
Therefore, a one-way classification of 16
treatment combinations was created for SWS
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data set to evaluate mean differences among
these combinations using the protected least
significant  difference  (LSD) multiple
comparisons procedure. Table 2, 3 and 4
summarize mean comparison of SWS values
for type of pilot-hole effect, embedded screw
orientation effect and water soak based on the
LSD value of 288.58 N, respectively.

Pilot-hole effects.

The withdrawal load using the PU as
mounting adhesive in pilot-holes was higher
than type I, Il and 1l in all combination of
embedded screw orientation and water soak
(Table 2). This situation can be explained; PU
adhesive effectively wet the surface of most
materials (metal, wood, plastic, ceramic) and
develop excellent bonding (Kong et al. 2011).

Pizzi and Mittal (2003) stated that
polyurethane adhesives have a higher bonding
strength and a higher tolerance against
humidity. According to another study, PU is
the least affected one compared to PVAC in
the steam test (Yorur et al. 2014).

In the case of comparing type I and I, the
screw withdrawal load was significantly
higher when no pilot-hole was driven in face
and edge of testing blocks. This could be
explained by when driving screw into the
material, the screw seated better in the
material without pilot-hole, having any
failure. In a study by Que et all (2014), it was
noted that as the pilot hole diameter increases,
the screw withdrawal strength decreases due
to less contact area between the screw and
testing block of wood lumber.

Table 2. Mean comparison of SWS in type of pilot-hole

Type of pilot-hole

Water soak Embedded screw orientation T m v;
Face 3294 A 2629B 2460B 3222 A
Non-treated
Edge 2475B 1834C 2053C 2857 A
Water treated Face 3075B 1896D 2655C 3392 A
Edge 1511 B 1013 C 1732B 2545 A

@ Means followed by a common letter are not significantly different at the 5% level.

Embedded screw orientation effects.

Table 3 summarizes the mean comparison
of SWS wvalues for embedded screw
orientation in each type of pilot-hole driven
into material within water soak. ANOVA

results indicated that the SWS was higher
where screw was driven into the

face of the specimen than edge of the
specimen in all combination of type of pilot-
hole and water soak.

Table 3. Mean comparison of SWS in embedded screw orientation

Embedded screw orientation

Water soak Type of pilot-holes = Edge
l 3294 A 2475 B

Non-treated I 2629 A 1834 B
Il 2460 A 2053 B

v 3222 A 2857 B

l 3075 A 1511 B

Water treated I 1896 A 1013 B
Il 2655 A 1732 B

v 3392 A 2545 B

@ Means followed by a common letter are not significantly different at the 5% level.
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Water soak effects.

Table 4 summarizes the mean comparison
of SWS values for water soak in each type of
pilot-hole driven into face and edge of
plywood material. The testing blocks
immersed in water had statistically lower
SWS than the ones had no water immersion in

pilot-holes. Similarly, the SWS was affected
negatively in the face of testing block which
had no predrilling as having lower SWS in the
testing blocks immersed in water. A similar
study showed that SWS decreased with water
soak (Yorur 2016). However, there was no
statistically significant difference in SWS

the edge of testing blocks within all types of among the pilot-hole types I, 1, V.
Table 4. Mean comparison of SWS for water soak
Embedded screw Water soak

Type of pilot-hole

orientation Non-treated  Water treated
I 3294 A? 3075 A
1 2629 A 1896 B
Face
Il 2460 A 2655 A
v 3222 A 3392 A
I 2475 A 1511 B
1 1834 A 1013 B
Edge
Il 2053 A 1732 B
v 2857 A 2545 B

@ Means followed by a common letter are not significantly different at the 5% level.

Screw major diameter effects.

Based on the ANOVA results, the main
effect of screw major diameter was also
created since only three-factor interaction
among embedded screw orientation, type of
pilot-hole and water soak was significant.
Therefore, a one-way classification of 2
treatment combinations was created for SWS
data set to evaluate mean differences between
screw major diameter using the protected least
significant ~ difference  (LSD) multiple
comparisons procedure. Table 5 summarizes
mean comparison of SWS values for screw
major diameter on the LSD value of 223.64 N.

LSD results indicated that the screw major
diameter of 4 mm had higher SWS than the
3.5 mm. Similarly, the higher SWS values was
obtained when the screw major diameter
increased from 4 to 6 mm which resulted in
increasing the shear strength with enlarge the
contact area between screw and testing block
of bamboo lumber. (Chen et al, 2016). The
screw withdrawal load was higher when the
screw major diameter increased from 3.6 to 7
mm and the depth of penetration increased
from 9.5 mm to 57 mm (The Engineered
Wood Association, 1997).

Table 5. Mean comparison of screw withdrawal load for screw major diameter

Major diameter of screw (mm)

35 4

Screw withdrawal load (N)

2229 B? 2601 A

@ Means followed by a common letter are not significantly different at the 5% level.
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(c) Edge with screw

Conclusions

The use of screws in the construction made
of plywood has become increasingly popular.
In order to have better screw withdrawal
strength, there are some factors such as pilot-
hole diameter, embedded screw orientation,
adding adhesive into the pilot-holes and
predrilling before driving screw into plywood
to be considered carefully. This study reported
that applying PU as mounting adhesive into
pilot-holes in edge and face of plywood had
better screw holding capacity than the one had
no glue and no pilot-hole (type 1) and only
pilot-hole (type Il) and applied with PVAc.
Another important result showed that no
matter what type of pilot-hole were used and
whether the testing blocks were immersed in
water or not, the SWS was higher in the face
of plywood than the one in edge.
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