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Abstract: In this study, research has been carried out on how to provide a better screw holding resistance against
the factors that the oriented strand board (OSB) used in structural areas is exposed to in the joint region. In the
research, the effects of screw diameter, glue type, pilot hole diameter, screwing direction and exposure to water on
the screw holding resistance of 18 mm thick OSBs were investigated. According to the experimental results, it was
determined that injecting glue into the pilot hole significantly increased the screw holding resistance of OSBs. In
addition, when the screwing direction parameter is evaluated, the screw holding resistance test results performed
on the face of the OSB boards were higher than those performed from the edge. When the screw diameter variable

was examined, it was determined that the screw diameter was directly proportional to the screw holding resistance.
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Oz: Bu calismada, yapisal alanlarda kullanilan yénlendirilmis yonga levhanin (OSB) baglant1 bolgesinde maruz
kaldig1 etkenlere kars: daha iyi bir vida tutma direncinin nasil saglanabilecegi lizerine arastirma yapilmstir. Ca-
lisma kapsaminda, 18 mm kalinhgindaki OSB levhalarin vida tutma direnci tizerine vida ¢api, tutkal tipi, pilot delik
¢ap, vidalama y6nii ve suya maruz kalma durumunun etkileri aragtirilmistir. Deney sonuglarima gére, kilavuz de-
ligine tutkal enjekte edilmesinin OSB’lerin vida tutma direncini 6nemli artirdig tespit edilmigtir. Ayrica vidalama
yonii parametresi degerlendirildiginde OSB levhalarin yilizeyinden gerceklestirilen vida gekme direnci test sonug-
lar1, kenarindan gergeklestirilenlere gore daha yiiksek ¢ikmustir. Vida ¢ap1 degiskeni incelendiginde ise vida gapi-

nin vida tutma direnci ile dogru orantili oldugu tespit edilmistir.
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1. Introduction

Oriented strand boards (OSB), whose use is increasing day by day in the world, started
to become widespread industrially in the 1980s. While OSB production in Turkey was
40,000 m3/year in 2010, it reached 75,000 m3/year in 2015. Since the need for OSB is not fully
met, 160,000 m3/year of OSB is imported annually [1]. Four different OSB classes (OSB,
OSB2, OSB3 and OSB4) are produced according to the area where it will be used. It is widely
used in areas such as wall partitions, roofing and flooring, and in the construction industry.
It is also an important material used in furniture, yacht, boat, vehicle body and packaging
sectors [2].

OSBs must be durable and resistant to the loads and environmental factors to which
they will be exposed where they are used. The type of joint selected in the connection area
is one of the factors affecting the strength of the material. The appropriate joint type to be
selected is an important parameter to be considered. Different joining techniques have been
applied to wood and wood-based products since time immemorial. Today, metal (screws,
nails, bolts, nuts, etc.), plastic and wood fasteners are widely used in the production of wood
products [3]. Fasteners affect system performance and provide mechanical strength, espe-
cially when used in structures [2], [4]. Wood-based materials are usually joined with glue
and screws. Joints made with screws are an indispensable fastener in terms of providing the
requested resistance [5].

The resistance of screw joints is affected by factors such as screw type and torque, pilot
hole diameter, screw penetration depth and glue treatment [3], [5], [6]. Rajak and Eckelman
(1993) [7] determined that pilot holes increase the screw holding resistance in the face and
edge direction of MDF and particleboard. They also suggested that the ideal pilot hole di-
ameter should be approximately equal to 8o - 85% of the diameter of the screw. However,
in a different study it was reported that screw holding resistance was not affected when pilot
holes were drilled between 50 - 90% in particleboard and between 40 - 70% in plywood [8].
In previous studies, it has been reported that dropping glue into the pilot holes before
screwing increases the screw holding resistance. Ors et al. (1998) [5]reported that by drop-
ping PVA glue into the pilot hole, it increased by 9 - 45% in the direction parallel to the face
and by 7 - 39% in the perpendicular direction. In addition, they stated that PVAc and PU
glues were injected into the pilot holes and the screw holding resistance increased [9].

OSB is generally used in places exposed to outdoor weather conditions and it ex-
changes moisture due to its structure. Therefore, the screw holding resistance are adversely
affected. In a study, it was observed that the screw tensile resistance of a wood material
containing 30% moisture content was lower than that of samples containing 12% moisture
content [10]. In the literature, it has been reported that injecting glue into the pilot holes to
increase screw holding strength against water gives better results [9].

OSB is widely used for interior (interior wall) partitions and exterior (roof and exterior
wall) partitions of structural areas. Ensuring the integrity of a structural form is related to
the performance of these materials in the connection area. In this study, the effects of the
moisture content of the OSB, the screwing direction (face and edge), the diameter of the
screw used, the pilot hole and the glue injection on the connection area were investigated.

2. Experimental

OSB2 type boards were obtained from Kronospan/Kastamonu. The physical properties
of the board are given in Table 1. PVAc (Polyvinyl acetate) Filli Boya (1.23 g/mL density and
10000-15000 mPa.s viscosity at 25 °C) and PU (Polyurethane) Soudal PRO 40P (1.1 g/mL den-
sity and 6000 mPa.s viscosity at 20 °C) were used to inject glue into the pilot holes. For the
screw holding resistance test, commonly used 3.5x45 and 4.0x45 mm (diameter and length)
zinc-plated steel particleboard screws were used.

Table 1. Moisture and density values of 0SB board

Air-Dry Misture 04) Air-Dry Density (kg/iri) MadnumDensity (/) MnirumDensity (/i)
793074 ) 6l 461

OSBs were prepared in dimensions of 18x50x50 mm (thickness, width and length) (TS
EN 13446). The samples were classified according to the tests to be applied as pilot hole (1),
non-pilot hole (2), PVAc glue injected into the pilot hole (3) and PU glue injected into the
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pilot hole (4). The pilot hole was drilled through the center of the part (face and edge) with
a diameter of 80% of the screw diameter (Figure 1).

25 mm

25 mm 25 mm

Figure 1. Filat hole of OSB2 baards (a) face orientation; (b) edge orentation

Glue-injected and non-glue-injected specimens were screwed 18 mm deep. The glue
was injected into each sample without overflowing the pilot hole. After screwing, the sam-
ples were kept in an acclimatization cabinet at 20+2°C and 65+5% relative humidity for two
weeks (EN 320). Samples to be exposed to water were soaked in water for 2 hours. Screw
holding resistance tests were carried out at a speed of 15 mm/min on a Zwick Roell universal
testing machine according to EN 320 and TS EN 13446 standards.

3. Results and Discussion

Table 2 shows the mean values of the screw holding resistance of OSB. The results
obtained were evaluated under the following headings: effect of screw diameter, effect of
screwing orientation, effect of pilot hole and glue treatment, effect of water treatment.

3.1. Effect of Screw Diameter

In this section, the effect of two different screw types with diameters of 3.5 mm and 4.0
mm on screw holding resistance was investigated. According to Table 2, it was found that
the specimens screwed with 4.0 mm diameter screws generally had higher screw holding
resistance than the specimens screwed with 3.5 mm diameter screws.

In the literature, different studies have been conducted to investigate the effects of
screw diameter on screw holding resistance. In these studies, it was reported that those with
higher screw diameter had higher screw retention resistance. It was stated that this was
related to the cross-sectional area of the screw diameter [11], [12].

Table 2 Bfect of screwdiameter on screw holding resistance (MPa).

Wéter Trestrment Screwing Orientation Pllat Hleand Gue = SarewDlameter () o
Al hde o120 w514

e Non-pilat hole ogg7 308

PVAC ) 514

AU 751 eI521

Véter treated e Alat hle 094 B4
Non-pilat hole %27 850

PVAC 74 #1061

AU 647 o

Face Alot hde 6 %30

Non-pilat hole 8479 738

PvAc 4653 il

AU 128 149

Non-nater treated e Alat hle g 462
Nen-pilct hole Y080 372

P A5, 4%

AU 204 000

Note: Superscript Letters of Aand Bare homogeneous subset of post-hoc test resuits (p<0.05).
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3.2. Effect of Screwing Orientation

In this section, the effects of two different screw types with a diameter of 3.5 mm and
4.0 mm on the face and edge screw holding resistance of OSBs are investigated. It has been
determined that the screw holding resistance of screws driven from the face is higher than
those applied from the edge. Rajak and Eckelman (1993) [7] stated in their study that the
middle layer, where the screw holding resistance of wood-based boards is the lowest and
most variable, is an important factor for screw holding resistance. Therefore, they empha-
sized that pilot holes of suitable diameter should be drilled in order to prevent the wood-
based boards from separating from the middle during screwing and to obtain maximum and
less variable results. Miljkovic et al. (2007) [12] investigated the effect of chip type on the
screw holding resistance results made from the edge of OSB samples. They stated that the
screw holding resistance may be affected because the threads of the screw driven from the
edge are in contact with small and large particles.

3.3. Effect of Pilot Hole and Glue Treatment

In this section, four different groups numbered 1, 2, 3 and 4 were examined. When
Table 3 is examined, it was found that the screw holding resistance realized from the face
in the samples without pilot holes was higher than that at the edge. Ors et al. (1998) [5]
stated in their study that if the diameter of the pilot hole is small in hard materials, it causes
strain and rupture in the direction perpendicular to the face, and cracking and deterioration
in the material in the direction parallel to the face. Chen et al. (2016) [13] stated that when
the diameter of the pilot hole is large, there is a decrease in the screw holding resistance
due to the reduction of the contact face between the screw thread and the chips. In a study
on the determination of the optimum pilot hole diameter of some wood-based materials, it
was stated that drilling a pilot hole of 71% of the screw diameter from the face and 82% of
the screw diameter from the edge will provide higher screw holding resistance for OSBs [14].

In Table 3, the highest screw holding strength values were obtained in PU glue injected
samples. In their studies, they stated that screw holding resistance increased when glue was
injected into the pilot hole [5], [9], [15]. In the literature, it has been stated that PU glue
forms easy hydrogen bonding, forms an excellent bond on textile, metal, plastic, wood,
glass, sand, ceramic, rubber and leather surfaces, has a high bond strength and has a high
tolerance to moisture [16], [17].

Table 3. Hfect of pilat hole and glue treatment on screw halding resistance (MPa).

Water Treatment ScrewDiameter  Screwing Orientation Pilat e Non-Filat Hle PVAC PU
Water treatrrent 35mm Face 5120 Cgg7 17 ~751
35mm Edge 51094 477 874 M647

40mMm Face M514 51303 M514 4521

40nm Frige =17 Bg50 B1061 617

Non-water treatrment 35mm Face Amé B419 B653 128
35mM Edge 5561 280 8654 M204

40mm Face 8930 5738 5T B9
40 Edge 462 372 493 51000

Noter Superscript letters of A Band Care hamogeneous subset of post-hoc test results (p<0.05).

3.4. Effect of Water Treatment

The results of the specimens subjected to the screw holding resistance test after being
kept in water for 2 hours were statistically analyzed (Table 4). According to the results, the
highest screw holding strength was determined in the PU applied samples. The screw hold-
ing resistance results of water treated samples were significantly reduced by 25-55% com-
pared to non-water treated samples. In similar studies, it was stated that treatment with
water reduces the screw holding resistance.
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Table 4 Hfect of water treatment on screw holding resistance (MPa).

Alot Hole and Glue Screwing Qrientation ScrewDameter Water Treated Non-water Treated
Non-pilat hdle Face 35mm 8871 B419
40rmm 4303 5738
Edge 35mm il 280
40m 850 173
Ailat hde Face 35mm AN20 Amé
40Mm A514 8930
Hige 35mm 1094 B61
40m 846 B462
PVAc Face 35mm g2 8653
40Mm A514 5T
Hige 35mm M174 B454
40rmm M061 B493
RU Face 35mm AT751 5128
40rmm 4521 B149
Hige 35mm Me4T B1204
40Mm 4617 51000

Note: Superscript letters of Aand Bare homogeneous subset of post-hoc test results (p<0.05).

The most important reason for this loss of resistance is the deformation of the glue,
which allows the chip surfaces to stick together, against water. As a result of water treatment
of OSBs, the adhesion resistance between the strands weakens and the strands begin to
separate from each other. It has been stated in the studies that the type of glue and the glue
ratio are important factors affecting the internal bond strength of the boards. It has been
stated that the physical and mechanical properties of the board increase with the increase
of the glue ratio [9], [18]-[20].

4. Conclusions

Today, the increase in the use of OSBs in structural areas, the use of the screw in the
connection point of OSBs has become more important. In order to provide better screw
holding resistance, it is necessary to consider some important factors such as the pilot hole,
screw diameter and glue injection into the pilot holes. According to the results obtained in
this study;

1. It has been determined that drilling the pilot hole in OSBs negatively affects the screw
holding resistance. However, it was observed that cracks between the layers occurred
in the OSBs, especially in the screwing process made from the edge in the samples
whose pilot hole was not drilled. These cracks did not occur in OSBs with pilot holes.

2. It has been determined that the screw holding resistance from the face is higher than
the screw holding resistance from the edge in OSBs.

3. It has been determined that injecting glue into the pilot holes of OSBs increases the
screw holding resistance. Injecting glue into the pilot holes prevents micro-cracks that
may occur in the OSB (despite the pilot hole) during the driving of the screw. In addi-
tion, the coating of steel screws with glue prevents oxidation and corrosion that may
occur with moisture.

4. Treatment of OSBs with water significantly reduced the screw holding resistance.
However, the decrease in screw holding resistance in PU glue injected samples was less
than in the other groups.

5. Inorder for the OSBs used on the exterior of the buildings to have a good screw holding
resistance, especially against wind, rain, snow and moisture, it is recommended to drill
a pilot hole and inject PU glue into these holes before screwing.

Funding: This research received no external funding.
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