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Abstract

The objective of this research was to evaluate screw and nail withdrawal strength properties of veneer laminated lumber manufactured
from poplar (Populus nigra) and beech (Fagus orientalis L.) in transverse, radial, and tangential directions. Ten and 13 layer laminated
samples were produced in different thickness veneers of both species using two types of resins, namely polyvinylacetate (PVAc) and poly-
urethane (PU). Based on the results of this study it was found that layer thickness did not influence the withdrawal strength in transverse
direction but strength values increased with increasing specific gravity of the samples in this direction. Overall strength properties in
radial direction were found to be higher than that of tangential direction. Based on the statistical analyses resin type did not significantly
effect withdrawal strength of both species.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The stability of any building system, composed of inter-
connected components, is directly related to the perfor-
mance of the fastening elements. The most widely used
fastening elements that are found in the connections of
solid wood materials are nails and screws. Therefore,
knowledge of the withdrawal strength of nail and screw
for wooden building elements will provide useful informa-
tion about the durability and stability of the whole system.
Besides, it is significant to have information about with-
drawal strength of nail and screw so as to achieve the effi-
cient use of materials in the building system. In this study,
which has evaluated the findings of a research project,

building materials – having two distinct layer organizations
– were produced by the use of softwood (poplar) and hard-
wood (beech) layers which were glued to each other with
PVAc (polyvinylacetate) and PU (polyurethane) [1]. Find-
ings about the withdrawal strength of nail and screw for
the produced materials constituted the subject of this
study. In this respect, the overall objectives of the study
were as follows:

� To determine the withdrawal strength of nail and screw
for laminated materials with different compositions with
the condition of their having the same dimension and to
compare their withdrawal resistances of nail and screw
relative to each other.

� To reveal how changes in the composition of both glue
type and layer type affect resistance properties.

� To make direct comparisons with solid specimens and to
offer possibilities and locations of usage in the building
system for the produced laminated samples as alterna-
tive building materials.
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2. Literature review on withdrawal strength

Withdrawal strength changes according to tree type of
which materials are produced, moisture content, the orien-
tations of grains and section, specific gravity, duration of
rising, method of nailing, dimensions and surface smooth-
ness [2].

According to an experimental study that was conducted
for a group of trees found in Turkey, the highest with-
drawal strength of nail was recorded for oak. This was fol-
lowed by beech, cedar, calabrian pine, black pine and
scotch pine and the lowest value was found for fir [3].

In another study conducted for a different group of
trees, the withdrawal strengths of nail for the woods of
the trees of beech, alder, chestnut, spruce and scotch pine
were determined in a decreasing order. In the same research
withdrawal strength of nail and screw for a wood section
with 30% moisture content was found to be smaller than
that of a section with a moisture of 12%. In differing sec-
tions, following results were obtained: the highest resis-
tance was achieved with radial section, this was followed
by tangential section with approximate values, whereas
lowest resistance values were determined in transverse sec-
tion [4].

In a different study, it was found that there was a linear
relationship between withdrawal strength of nail and the
specific gravity, and increases in withdrawal strength of
nail were determined for increased specific gravity values
[5]. In the study which was aimed to investigate the effects
of moisture content on resistances, nails and screws were
first drawn in a wooden section of 60% moisture and the
resistances were measured at certain intervals as the mois-
ture content of the section dropped to the ratio of 0%.
According to various studies, it was proved that at the
point where moisture content fell below the grain satura-
tion point, considerable decreases in the withdrawal
strength of nail and screw were observed [5–7].

In the studies in which the effects of static withdrawal
strength, nailing method and its duration were investi-
gated, the withdrawal strengths for static and dynamic con-
ditions were determined. It was seen that withdrawal
strengths in static conditions were higher than those in
dynamic conditions. It was also emphasized that there were
decreases in the withdrawal strength as the time period
were increased and the specific weight were decreased
[5,8–10].

According to a study investigating the effects of the
shapes of screw and nail; it was found that annularly
threated nail and helically threated nail represented con-
siderably higher withdrawal resistances as compared to
smooth nails [7]. A kind of linear relationship was deter-
mined between nail and screw diameter and the with-
drawal strength in various investigations. Within this
context, it was found that increments in nail and screw
diameters yielded increases in the resultant withdrawal
strengths. In addition, it was also found that there was
no relationship between screw length and withdrawal

strength while the diameter of screw had a linear relation-
ship [11–14].

In addition to the effective factors mentioned above,
some other factors such as glue type and layer thickness
are known to be influential on the withdrawal strength of
nail and screw and some contradictory findings about this
effect were encountered in various studies. For instance, for
laminated specimens that were prepared with beech layers
of 2 and 4 mm thickness by the use of Polyurethane (PU)
and Polyvinylacetate (PVAc) glues, the resultant experi-
ments on radial sections showed that the layer thickness
had no effect on the withdrawal strength of nail, whereas
the type of glue used was found to be influential. According
to this, the withdrawal strengths of nail for the specimens
prepared with the use of PU glue was found to be higher
than those of the ones prepared with PVAc glue [15].

3. Materials and test method

Beech (Fagus orientalis Lipsky) and poplar (Populus
nigra) were used as wood materials in the test specimens.
Beech was provided from the Research Forest of Bolu-
Mengen Yaylacık and poplar was from Hacettepe-Beytepe.

Beech and poplar used in the test specimens were cut to
dimensions of 70 mm · 600 mm complying the standards
of TS 4176 [16] and ISO 4471 [17], and the lumbers cut
were dried to the moisture of 12% in dehumidification fur-
naces, this was followed by cutting them into panels of
6 mm thickness by the use of a circular saw. The panels
were then sanded till the thicknesses of 4 and 5 mm were
achieved. Finally, these panels were used in the preparation
of test specimens.

In the preparation of test specimens two different types
of glues were used. These were the glues of Polyvinylacetate
(PVA) (Kleiberit 303) [18], which was suitable for applica-
tions in interiors and dry spaces and Polyurethane (PU)
(Bizon Timber PU Max Express) [19], which was suitable
for applications in open (exposed to outdoor conditions)
and humid spaces. PVAc (Kleiberit 303) is a glue type
which has D3 grade for adhesion according to BS EN
204 [20] whereas Polyurethane-PU (Bizon timber max
express) has the grade of D4 for adhesion according to
BS EN 204.

The test specimens were prepared using the layers which
were obtained from the woods of beech and poplar by ‘slic-
ing method’ and which were glued to each other in two dif-
ferent compositions by the use of PVAc (Kleiberit 303) and
PU (Bizon timber PU-max express) glues. Apart from these
test specimens, some control specimens were prepared from
solid beech and poplar wood. After the preparation of lay-
ers with 4 and 5 mm thicknesses, they were glued by the use
of Kleiberit 303 (PAVc) and Bizon (timber express PU-max
express) (PU) in such a way that 4 mm thick layers have 13
layers and 5 mm ones have 10 with grains being parallel to
each other. After that 25 specimens were prepared having
the dimensions of 50 · 50 · 150 mm for each group (as
shown in Fig. 1) according to ASTMD 1761 [21], 5 of these
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specimens were selected as options and 20 of them were
used for each different test conducted in the study.

The points where the nails and screws were drawn in
were marked 25 mm away from the sides and 38 mm away
from the corners of the surfaces perpendicular to the glue-
line. Lead holes with the diameter of 70/100 of screw root
diameter and 13 mm depth were opened to the screw points
of screw withdrawal specimens. There were no lead holes
opened to the nail withdrawal specimens. ASTM 1761 were
also compared with EN 1382 [22] and determined similar
statements with the dimensions of the specimens.

4. Testing procedures

Universal test machine with capacity of 4 tons was used
in the experiments. In Figs. 1 and 2 the experiment set-ups
and configuration of specimens were shown.

4.1. Tests for screw withdrawal

A total of 6 screws (22 · 50) were located to each spec-
imen prepared according to the standard of ASTM D 1761
in such a way the screws were perpendicular to the driving
surface with a portion of 35 mm being inside. Each pair of
these 6 screws were screwed to previously opened lead
holes in such a way that every single pair would be in touch
with the tangential, radial and transverse sections, respec-
tively. The screwing arrangement was kept same for the
specimens of solid poplar and beech woods. For laminated
elements screws were drawn to penetrate each layer
through the glue-line. Screwing points were shown in Figs.

1 and 2 and the experiment set-ups were given in Figs. 3
and 4.

Tests were conducted by locating specimens into the
testing machine according to the standard of ASTM D
1761. During these tests a pulling speed of 2.5 mm/min
was applied until the screws were completely separated
from specimens. For each of the test results belonging to
20 different specimens were recorded. Although withdrawal
parameter is declared as a parameter in EN 1382 (TS EN
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Fig. 2. PU4 and PVAc4 (4 mm layer thickness-13 layers) driving points of screws and nails.

Fig. 3. Experiment set-up of PVAc5 tangential surface and test of poplar–
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Fig. 1. PU5 and PVAc5 (5 mm layer thickness-10 layers) driving points of screws and nails.
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1382), surface area of nail and screw-exposed the friction is
realized more expressive for this study and withdrawal
strength of screws for the related surfaces of test specimens
was computed according to the equation given below (see
Figs. 5 and 6):

rs ¼
Pmax

2prh
;

where rs is the withdrawal strength of screw (N/mm2),
Pmax is the maximum load (N), 2prh the surface area of
screw-exposed to friction (mm2).

4.2. Tests for nail withdrawal

A total number of six steel nails, having circular sections
with 2.67 mm diameter and 50 mm length and surface of
which was not covered with any kind of substance [23],
were drawn in the conditioned specimens to the point

where 35 mm of the total length was completely penetrated
the surface from the points indicated in Figs. 1 and 2. The
nailing set-up was prepared similar to the one used for
screws, and a pulling force with a constant speed of
2.5 mm/min was applied until the nails were completely
separated from the specimens. Maximum applied force at
the point of separation was recorded from the indicator
of the test machine. Current equation was used to calculate
the withdrawal strength of nails:

rn ¼
Pmax

2prh
;

where rn is the withdrawal strength of nail (N/mm2), Pmax

is the maximum load (N), 2prh the surface area of nail-ex-
posed to friction (mm2).

5. Test results

An F-test was used to determine the effects of two differ-
ent glues (PVAc and PU) and two different layer thick-
nesses (4 and 5 mm) investigated in this study. In cases
where variations between different groups appeared to be
significant, comparisons were made with Duncan test with
(a = 0.05) level of confidence. Calculations for analysis of
variance (ANOVA), arithmetic means, standard deviations
and minimum and maximum values were computed using
the software of SPPS 11.5 (Statistical Package for Social
Science) [24].

5.1. Test results of withdrawal strength of screws

According to the F-test applied to the results of screw
withdrawal tests for transverse, radial and tangential sur-
faces, a difference with a level of significance of a = 0.05
and level of confidence of 95% was found among the inves-
tigated materials (P < 0.05). According to the results of
Duncan test, the highest withdrawal strength of screw
was detected for solid beech, this was followed by PU5 beech,
PVAc5 beech, PU4 beech and PVAc4 beech, respectively [1].
Below were given the test results for which statistically

Fig. 4. Experiment set-up for radial surface.

Fig. 5. Experiment set-up for nail withdrawal.

Fig. 6. Experiment in transverse surface and set-up of radial surface.
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proved differences could not be found with relevant analy-
ses:

� Between layers of PU5 beech, PVAc5 beech, PU4 beech,
PVAc4 beech.

� Between interfaces of PU5 poplar–beech, PVAc5 pop-
lar–beech, PU4 poplar–beech and PVAc4 poplar–beech.

� Between layers of PU5 poplar, PVAc5 poplar, PU4 pop-
lar and PVAc4 poplar.

� Between interfaces of PU5 poplar–poplar and PVAc5
poplar–poplar.

In Table 1 statistical values of the average withdrawal
strength of screw for transverse and tangential surfaces of
composite laminated materials and solid wood materials
are given. Average values for radial section are given in
Table 2.

5.2. Test results of withdrawal strength of nails

According to the F-test conducted for withdrawal
strength of nails, a difference with a level of significance
of a = 0.05 and level of confidence of 95% was found
among the investigated materials (P < 0.05). According to
the results of Duncan test, the highest withdrawal strength
of nails for transverse, radial and tangential surfaces was
obtained from solid beech, this was followed by PU5
beech, PVAc5 beech, PU4beech and PVAc4 beech and
other materials, respectively. Test results for which statisti-
cally proved differences could not be found with relevant
analyses [1], were as follows:

� Between layers of PU5 beech, PVAc5 beech, PU4 beech
and PVAc4 beech.

� Between interfaces of PU5 poplar–beech, PVAc5 pop-
lar–beech, PU4 poplar–beech and PVAc4 poplar–beech.

� Between layers of solid poplar, PU4 poplar and PVAc5
poplar.

� Between layers of PU4 poplar, PVAc4 poplar and layers
of PU5 poplar–poplar and PVAc5 poplar–poplar.

In Table 3 transverse and tangential surface-statistical
average values of nail withdrawal for solid and composite
laminated wooden materials and for points at the interface
of two different layers are given. Radial surface-statistical
average values of nail withdrawal for solid and composite
laminated wooden materials were given in Table 4.

Table 1

Transverse and tangential surface-statistical average values of screw

withdrawal

Materials Statistical screw values

Transverse surface

average values

(N/mm2)

Tangential surface

average values

(N/mm2)

Solid beech 12,763 22,605

Solid poplar 9434 11,649

PU5 poplar layer 8544 11,937

PU5 beech layer 11,775 21,878

PU5 poplar–poplar

intersection

7039 9521

PU5 poplar–beech

intersection

10,761 15,383

PVAc5 poplar layer 8449 11,677

PVAc5 beech layer 11,626 21,622

PVAc5 poplar–poplar

intersection

6770 9404

PVAc5 poplar–beech

intersection

10,571 15,210

PU4 poplar layer 8251 11,420

PU4 beech layer 11,473 21,403

PU4 poplar–beech

intersection

10,393 14,903

PVAc4 poplar layer 8110 11,244

PVAc4 beech layer 11,373 21,221

PVAc4 poplar–beech

intersection

10,306 14,754

Table 2

Radial surface-statistical average values of screw withdrawal

Materials Statistical value

Radial surface average value (N/mm2)

Solid beech 22.222

Solid poplar 10.691

PU5 13.805

PVAc5 14.645

PU4 17.693

PVAc4 17.582

Table 3

Transverse and tangential surface-statistical average values of nail

withdrawal

Materials Statistical nail values

Transverse surface

average values

(N/mm2)

Tangential

surface average

values (N/mm2)

Solid beech 2998 4246

Solid poplar 1274 2000

PU5 poplar layer 1237 1877

PU5 beech layer 2215 2736

PU5 poplar–poplar

intersection

1025 1363

PU5 poplar–beech

intersection

1448 2375

PVAc5 poplar layer 1247 1850

PVAc5 beech layer 2174 2651

PVAc5 poplar–poplar

intersection

1046 1308

PVAc5 poplar–beech

intersection

1482 2324

PU4 poplar layer 1131 1615

PU4 beech layer 2112 2634

PU4 poplar–beech intersection 1465 2245

PVAc4 poplar layer 1059 1567

PVAc4 beech layer 2099 2576

PVAc4 poplar–beech intersection 1414 2221
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6. Conclusion

Based on six specimen types the withdrawal strength of
nails and screws are evaluated in this study. The experi-
mental results justify the following conclusions:

� In all tests the withdrawal strength of screw was found
higher than that of nail.

� In tangential surface; solid beech materials showed the
best nail and screw holding strength and this result was
followed by PU5 beech layer, PVAc5 beech layer, PU4
beech layer and PVAc4 beech layer, respectively.

� For tangential and transverse surfaces, nails and screws
that were drawn in beech layers showed better with-
drawal strength than other layers and interfaces.

� The lowest values were detected for transverse surface.
The reason for this was that nails and screws drawn per-
pendicularly in the surfaces were also in the direction of
grain configuration of tested materials. Therefore, it was
concluded that it would be useful to take into consider-
ation of the effects grain direction on withdrawal
strengths.

� In radial surface the type of glue used was found to be
influential. In this respect, higher resistances were deter-
mined for the specimens in which Polyurethane glue was
used.

� For radial surfaces, nails and screws drawn perpendicu-
larly to the surface showed better results for 4 mm thick
layer and 13 layers specimens. The ratio of beech being
higher in such specimens played a significant role in
resultant strengths.

� For tangential and transverse surfaces the effect of glue
type on withdrawal strength of nails and screws could
not be determined.

� In both transverse and radial surfaces, the withdrawal
strength measured for poplar–poplar interface was
found smaller that the one measured for solid poplar
samples. It was seen that resistances in the glue-line
had a tendency to decrease. For this reason, it was con-
clude that better results could be achieved if the driving
line of nail and screw did not coincide with the glue-line
in laminated specimens.

� The type of glue used did not have considerable effects
on withdrawal strength of nails and screws which were
located at the interface of two different layers.

� Although it was considered that the values measured for
the interface of poplar–beech would be the mean of
those measured for solid beech–poplar, some values
below this mean were recorded during the experiments.
In other words, it was seen that two different tree types
did not affect the resistances equally.
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