
Vol.:(0123456789)1 3

European Journal of Wood and Wood Products (2024) 82:5–13 
https://doi.org/10.1007/s00107-023-01972-1

ORIGINAL ARTICLE

The influence of feed rate during pilot hole drilling on screw 
withdrawal resistance in particleboard

Maciej Sydor1   · Zbigniew Potok2   · Marta Pędzik2,3   · Miloš Hitka4   · Tomasz Rogoziński2 

Received: 4 April 2023 / Accepted: 24 July 2023 / Published online: 9 August 2023 
© The Author(s) 2023

Abstract
Screw withdrawal resistance (SWR) is a metric that assesses the strength of furniture joints made with wood screws. The 
SWR value is influenced by several factors, such as the size of the screw, the depth to which it is embedded, the diameter 
of the pilot hole, and the material properties of the furniture components that are being joined together. These factors have 
been widely studied in the scientific literature. The objective of the research was to investigate the previously unexplored 
factor of a feed rate during pilot hole drilling and its influence on SWR. This study used three particleboards composed 
of raw pine material and urea–formaldehyde resins; the boards varied in average density (633, 637, and 714 kg/m3). Blind 
pilot holes with a diameter of 5 mm and depth of 25 mm were drilled in these boards using three significantly different feed 
rates (0.033, 0.33, and 3.33 mm/rev.). Subsequently, a confirmat-type furniture screw (7 mm major diameter, 4 mm minor 
diameter, 3 mm pitch) was screwed into these pilot holes. The ultimate SWR was measured with a universal testing machine. 
The results showed that the highest feed rate significantly decreases the SWR for all particleboards tested. This phenomenon 
can be attributed to the fact that a higher feed rate leads to a decreased precision in the internal surface of the pilot hole, 
consequently diminishing the screw’s anchoring capacity within the hole. The high feed rate, used to increase production 
efficiency, may significantly reduce furniture durability and usability.

1  Introduction

Wood screws are widely used as fasteners in furniture and 
construction applications. Screw withdrawal resistance 
(SWR) is the ultimate pulling force that causes damage 
to the screw joint. A high SWR is advantageous as it pro-
vides greater bearing capacity and enhances the reliability 
of manufactured products. It is an important parameter in 
furniture strength design and architectural engineering. The 
experimentally determined SWR value can also serve for 
comparing different types of particleboards and other similar 
engineering materials, as well as to design and optimize the 
raw material composition and technology used to obtain an 
optimal material in various applications (Rajak and Eckel-
man 1993; Tankut 2011; Semple et al. 2014).

The primary method to determine the SWR is an experi-
ment, but the value of SWR is also modeled empirically 
(Hoelz et al. 2022). Eckelman (1973, 1975) developed the 
first equations that estimate the ultimate SWR embedded 
in particleboards and fiberboards. Two proposed empirical 
equations predict the average ultimate SWR from the edge 
and face of particleboards:
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where F = ultimate SWR (lb., at 65% RH), D = shank 
diameter of the screw (in.), L = depth of embedment of the 
threaded portion of the screw, G = specific gravity of the 
material based on oven-dry weight and volume at test.

Equations 1 and 2 consider the main factors that can affect 
the strength of the joint. These factors include the density of 
the wood-based material, the direction of screw mounting 
(on the edge or the face of the board – an edge SWR is only 
77% of the face withdrawal resistance), the moisture content 
of the material, and its overall density.

Board density is an essential factor influencing the value 
of the SWR, as confirmed by the scientific literature (Pob-
lete et al. 1994). Eckelman (1975) noted that his equations 
(Eqs. 1 and 2) could be applied only to boards air-condi-
tioned to 10% moisture content (MC). Barnes and Lyon 
(1978) compared Eckelman’s models with their experimen-
tal data for particleboard with two varied MCs. Eckelman’s 
models described only ultimate screw withdrawal resistance 
from air-dry boards, as expected. Eckelman’s model for face 
SWR (Eq. 2) agreed well with data from unweathered boards 
tested by Barnes and Lyon (1978), with an average error of 
only 2%. Eckelman’s model for edge SWR (Eq. 1) overesti-
mates values for unweathered boards by approximately 5%. 
In the case of weathered boards, the predicted edge SWR 
values exceeded actual values by approximately 22%, sug-
gesting that weathering and exposure to water contributed 
to the deterioration of adhesive bonds and internal bond 
strength (IBS), which reduced SWR. In other studies, SWR 
in particleboard has been linked to particleboard IBS. Find-
ings by Fujimoto and Mori (1983) suggest that the bending 
failure load of L-type joints of particleboard connected by 
screws is strongly affected by the particleboard density and 
the IBS of the particleboard (Fujimoto and Mori 1983).

Semple and Smith (2006) noted that Eckelman’s den-
sity-based models for face and edge SWR with terms for 
screw dimensions and embedment depth had significant 
limitations. Only samples with relatively high IBS to 
density values matched these models. The measured face 
and edge SWR of boards with a low IBS-to-density ratio 
was markedly lower than the density-based model pre-
dictions. There was also little correlation between face 
and edge SWR and density, suggesting that SWR is more 
closely linked to IBS. The results of more recent stud-
ies confirmed that IBS is an essential material parameter 
determining the pull-out force of screws from particle-
boards (Fujimoto and Mori 1983; Semple and Smith 2006; 
Kurt 2022). Face SWR can be predicted as a function of 
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particleboard density, while edge SWR can be estimated 
based on IBS. The particle sizes influence the board den-
sity and IBS and affect SWR prediction models’ accuracy 
(Arabi et al. 2012).

A technical standard EN 320:2011 provides a method 
for evaluating the SWR of particleboards and fiberboards. 
This standard uses a screw with a standardized major 
diameter of 4.2 mm and a pitch of 1.4 mm. The screw 
is screwed into pre-bored pilot holes with a diameter of 
2.7 ± 0.1 mm and a depth of 19 ± 1 mm. The technical 
standard aims to compare the screw withdrawal resist-
ance of boards and evaluate the performance of different 
particleboards. The screw described in this standard is “a 
laboratory” screw and is not commonly used to produce 
furniture made of particleboards nor commonly used in 
construction applications.

In general, the scientific literature indicates that the 
SWR of particleboards is influenced by various factors, 
including:

•	 Material properties of the particleboard, such as density 
(Eckelman 1973, 1975) and the IBS parameter (Fuji-
moto and Mori 1983). Variations in material properties 
of the particleboard include changes in moisture content 
(Máchová et al. 2019), ambient temperature induced 
changes and local nonuniformity of density due to 
technological limitations during particleboards produc-
tion (Wang and Salenikovich 2007).

•	 The age of the board, the board may lose strength during 
long-term use, decreasing the SWR (Abu and Ahmad 
2011).

•	 Screw size, including diameters that characterize threads, 
the thread angle, pith, cross-sectional shape of a thread 
(thread-form), and other screw design factors (Park et al. 
2006; Sydor 2019; Hoelz et al. 2021).

•	 Screw insertion technique (Abu and Ahmad 2014), 
including the pilot hole size ratio to the screw size (Rajak 
and Eckelman 1993), the torque used to tighten the screw 
(over-tightening the screw can cause it to strip the threads 
in the material, reducing the maximum pull-out force 
(Tor et al. 2015; Yu et al. 2015)).

•	 Nature of the load, whether static or cyclic (Wang and 
Salenikovich 2009), and load direction (a withdrawal 
force applied along the screw axis results in a lower 
maximum SWR than a force applied not strictly parallel 
to the screw axis (Sydor 2004)).

While many factors affecting the SWR value of screws 
screwed into particleboards have been studied, to our knowl-
edge, no one has specifically examined  the relationship 
between the feed rate during drilling pilot holes in parti-
cleboard and the resistance to axial withdrawal of screws 
screwed in these holes (SWR). Therefore, this experimental 
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study aims to verify the hypothesis that the feed rate when 
drilling pilot holes in particleboard directly affects the SWR.

2 � Material and methods

2.1 � Materials

2.1.1 � Particleboards

The particleboards used in the study were produced from 
pine wood particles with urea–formaldehyde resin as a 
three-layer, flat-pressed, with a sanded surface. The boards 
are labeled as  G1, G2, and G3. The G1 board represented 
a standard particleboard, the G2 board has reduced formal-
dehyde emission, and the G3 board was a non-flammable 
STOP-FIRE particleboard (Swiss Krono, Żary, Poland). 
According to EN 312:2010, the particleboards tested are 
classified as type P2, intended for interior use (including 
furniture) in dry indoor conditions. The particleboards 
differed in their average density. Figure 1 summarizes 
the material properties of these particleboards. Figure 1a 
illustrates the three-layer structure of the particleboards, 
Fig. 1b shows the density profiles, and Fig. 1c presents the 
average densities of the middle layers of the boards (pilot 
holes were drilled in these layers). Particleboards’ density 
profiles were tested using an X-ray density profiler (DAX, 
Fagus-GreCon Greten GmbH & Co. KG, Alfeld (Leine), 

Germany) with a resolution of measurement of 0.01 kg/m3 
for 50 × 50 × 18 mm samples.

The moisture content (MC) of the boards was determined 
using the oven-dry method specified in EN 322:1993a and 
calculated as:

where mm was the sample mass, and mo was the oven-dry 
mass of a sample.

The weight of the samples was measured using an 
electronic laboratory balance (OHAUS, Parsippany, NJ, 
USA) of type PA 213/1, with a measurement uncertainty 
of Δm =  ± 0.001 g. Three measurements were obtained to 
calculate the MC values, which were then averaged. Table 1 
shows the results of MC and average density measurements.

The tested particleboards exhibited varying strength prop-
erties, which were evaluated using the technical standards 
EN 310:1993b and EN 319:1993c (three-point bending, 
universal testing machine, Z005, Zwick Roell Group, Ulm, 
Germany). Table 2 provides a summary of the measurements 
obtained from these tests.

2.1.2 � Screw

Confirmat-type screws are widely used in the furniture 
industry for assembling particleboard and medium-density 

(3)MC =
mm − mo

mo

⋅ 100

Fig. 1   Particleboards used in 
the study: a a three-layer struc-
ture (two surface layers and a 
core layer with a lower density), 
b density profiles, c core layer 
density comparison (n = 9)
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fiberboard (MDF). These screws have a coarse and deep 
thread that can compress the soft, layered structure of the 
particleboard, creating an internal thread in the pilot hole 
without cutting. The screws are designed with a minor 
diameter of 4 mm and a major diameter of 7 mm, while the 
pilot hole diameter is 5 mm. This design ensures convenient 
assembly for the end customer of ready-to-assemble furni-
ture. Additionally, the 5 mm pilot hole and 8 mm clearance 
hole are compatible with the widely used industrial “system 
32” in furniture made of wood-based boards, making it a 
versatile option for various applications. Figure 2 ilustrates 
the screw’s dimensions, including a total length of 50 mm, 
major diameter of 7 mm, a minor diameter of 4 mm, a pitch 
of 3 mm, and a thread angle of 40°.

Confirmat-type furniture screws are widespread for their 
strength, stability, and ease of installation.

2.2 � Methods

Blind pilot holes were prepared using a fully sharp, new 
high-performance industrial twist drill (the GL77 HW/
D5/NL44/S10 × 25/RE model from Leitz GmbH & Co. 
KG, Oberkochen, Germany) with a nominal diameter of 
5 mm and a length of 77 mm. The drill was equipped with 
cemented carbide blades renowned for their durability and 
cutting efficiency. The drilling was conducted using an 
automated machine (the CNC Creator 950, manufactured 
by Felder Group in Hall in Tirol, Austria). The spindle speed 
was 6000 rpm and three different feed rates were employed: 
0.2, 2.0, and 20 m/min, resulting in feed per revolution val-
ues of 0.033, 0.33, and 3.33 mm/rev, respectively.

The SWR was measured using a laboratory universal test-
ing machine (Z005, Zwick Roell Group, Ulm, Germany). 
The test samples used in this study consisted of particle-
board panels and screws, as shown in Fig. 2. Each particle-
board panel measured 50 × 50 × 18 mm and had a pilot hole 
with a diameter of 5 mm and a depth of 25 mm drilled into 
its edge. The screws used in the test had a penetration depth 
of 20 mm. The tested samples were fixed using the jig and 
the screws were withdrawn at an initial force of 5 N and a 
speed of 5 mm/min. Figure 3 shows the sample size and the 
SWR measurements. The experimental setup included 180 
research samples.

2.3 � Statistical analysis

The two-way ANOVA was utilized to analyze the effects of 
two independent variables (particleboard type and feed rate) 

Table 1   Moisture content (MC) and average densities of particleboards

Sample series Average moisture content (%) 
(n = 3) standard deviation in paren-
theses

Average particleboard density (kg/m3) 
(n = 9) standard deviation in parentheses

Average core layer density (kg/m3) 
(n = 9) standard deviation in paren-
theses

Particleboard G1 12.3 (0.05) 637 (3.65) 537 (7.91)
Particleboard G2 11.8 (0.13) 633 (4.75) 543 (7.12)
Particleboard G3 12.0 (0.08) 714 (3.43) 563 (10.31)

Table 2   Particleboard 
mechanical properties 
specifications

n = 12, the standard deviation in parentheses, all values in N/mm2

Property Test method Particleboard

G1 G2 G3

Bending strength (lengthwise) EN 310:1993b 13.19 (1.12) 13.60 (1.33) 14.03 (0.63)
Bending strength (crosswise) 13.25 (0.85) 12.55 (0.60) 13.84 (0.50)
Modulus of elasticity in bending (lengthwise) 2736 (244) 2818 (358) 3541 (163)
Modulus of elasticity in bending (crosswise) 2559 (64.7) 2489 (73.1) 3242 (85.0)
Internal bond strength (IBS) EN 319:1993c 0.41 (0.03) 0.42 (0.03) 0.50 (0.05)
Surface soundness EN 311:2002 1.08 (0.10) 1.24 (0.09) 1.30 (0.13)

Fig. 2   Screw used in the SWR measurements



9European Journal of Wood and Wood Products (2024) 82:5–13	

1 3

on a dependent variable (SWR). Post hoc tests using a Bon-
ferroni correction were also conducted to identify significant 
differences between groups. Additionally, Tukey Fence was 
employed to detect potential outliers, and the Shapiro–Wilk 
test was applied to assess the normality assumption. Statisti-
cal calculations and data visualization were performed using 
Microsoft Excel.

3 � Results

Table 3 shows the results of the screw withdrawal resistance 
(SWR) measurements. The SWR was calculated as mean 
values of 20 repetitions in each variant tested.

The results summarized in Table 3 indicate that the mean 
SWR decreases with increasing feed rate. This trend is evi-
dent across all three types of tested particleboard. The most 
significant decrease in mean SWR was observed for parti-
cleboard G3, which had the highest mean density of 714 kg/
m3. The G3 board also showed the highest mean SWR 

value (1775 N) at a feed speed of 0.033 mm/rev., 1715 N 
at 0.33 mm/rev., and a decrease of almost 17% at the fastest 
feed speed to 1419 N. Similar trends were observed for G1 
boards (with a mean board density of 637 kg/m3) and G2 
boards (with a mean board density of 633 kg/m3 at different 
moisture contents of 12.3% and 11.8%, respectively), but 
with the medium variant of feed speed. The mean SWR val-
ues for G1 and G2 boards were 1394 N and 1458 N, respec-
tively. The results presented in Table 3 are shown in more 
detail in Fig. 4, which provides a more detailed comparison 
of the tested particleboards.

Notably, a feed rate of 0.033 mm/rev. (0.2 m/min) is con-
sidered too slow from a practical perspective as it is signifi-
cantly extending drilling time in industrial conditions. Such 
feed rates are not typically used in industrial settings. On the 
other hand, a feed rate of 0.33 mm/rev. is found to be opti-
mal, providing efficient drilling without exerting undue 
stress on the drill. Conversely, a feed rate of 3.3 mm/rev. 
is considered too fast and places a heavy load on the drill 
(these feed rates were 0.2, 2.0, and 20 m/min, respectively). 

Fig. 3   Experimental setup: a 
test sample size, b withdrawal 
measurements

Table 3   Measured screw 
withdrawal resistances

Board type G1 G2 G3

Feed rate (mm/rev.) 0.033 0.33 3.33 0.033 0.33 3.33 0.033 0.33 3.33

Mean (N) 1476 1394 1364 1479 1458 1376 1775 1715 1419
SD 197 177 132 108 192 186 183 145 312
Ratio G1/G3, G2/G3 

and G3/G3 (%)
83.2% 81.3% 96.1% 83.3% 85.0% 97.0% 100% 100% 100%

n (pcs.) 20 20 20 20 20 20 20 20 20
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To illustrate, drilling a hole with a feed rate of 0.2 m/min 
took 7.5 s, drilling at 2 m/min lasted only 0.75 s, and drill-
ing with a feed rate of 20 m/min took merely 0.075 s. The 
highest used feed rate is feasible for relatively soft material 
like particleboard, it may potentially overload the machine 
and cause damage to the drill, especially when working with 
denser wood materials.

Table 4 summarizes the results of the statistical analysis 
of the SWR measurement results.

A significant main effect of particleboard density was 
found, F(2, 42) = 23.68, p < 0.001, η2 = 0.21. Post hoc tests 
using a Bonferroni correction revealed that the average score 
for board G1 (M = 84.0, SD = 8.8) was significantly differ-
ent from both board G1 (M = 73.0, SD = 7.9) and board G3 
(M = 71.4, SD = 9.4), ps < 0.001. The average score for board 
G2 also significantly differed from board G3, p = 0.009.

A significant main effect of feed rate was also found, F(2, 
42) = 15.15, p < 0.001, η2 = 0.15. Post hoc tests using a Bon-
ferroni correction revealed that the average score for feed 
rate FR1 (M = 75.2, SD = 7.6) was significantly different 
from both feed rate FR2 (M = 79.0, SD = 8.5) and Feed Rate 
FR3 (M = 86.0, SD = 8.8), ps < 0.001. The average score for 
Feed Rate FR2 was also significantly different from Feed 
Rate FR3, p = 0.008.

No significant interaction effect was found, F(4, 
84) = 1.80, p = 0.14, η2 = 0.08.

The residuals contained one potential outlier (0.56% of 
observations) identified using the Tukey Fence method. The 

ANOVA results were robust to the presence of this outlier. 
The normality assumption was checked using the Shap-
iro–Wilk Test and was not violated, W(48) = 0.97, p = 0.22. 
The test priori power was strong for both factors (power = 1). 
However, the test power for the interaction effect was low 
and undefined, indicating that the observed effect size may 
be exaggerated or even in the wrong direction. The design 
was balanced, with equal sample sizes for all groups.

4 � Discussion

As mentioned in the methodology, the screw used in screw 
withdrawal resistance (SWR) measurements typically con-
nects panel elements made of wood-based materials com-
monly used in the furniture industry. Many previous stud-
ies show that the mean SWR is higher for MDF than for 
particleboard. Due to the manufacturing technology and 
raw material properties, MDF has a more uniform vertical 
density profile than particleboard. The natural adhesive 
properties of wood fibers certainly affect the boards’ SWR 
and density profile, directly affecting SWR. The material 
used and its properties translate into the quality of particle-
boards (Pędzik et al. 2021). Particle size and geometry are 
essential factors that affect the properties of particleboards 
made from them, including IBS (Karlinasari et al. 2021). 
Numerous authors point to the value of the IBS param-
eter as crucial to interpreting SWR results. A study by 
Wronka and Kowaluk (2022) on the contribution of pine 
branch particles in particleboards to their properties found 
that SWR was highest for a particleboard made with 100% 
pine branch particles in the core layer and 100% industrial 
particles in the surface layers. The study of Pędzik et al. 
(2022) states that pine branches are denser than pine wood 
from the girdle section. These results affect the mechani-
cal properties of the boards, especially the internal bond 
strength (IBS), which was 0.72 N/mm2 for the boards from 
the higher-density raw material, and only 0.46 N/mm2 for 
the lower-density particles.

Table 3 shows that the IBS of the G1 and G2 particle-
boards was only 82–84% of the IBS of the G3 board IBS; 
at the same time, the density of the G1 and G2 boards was 
approximately 89–90% of the density of the G3 board. For 
small feeds ranging from 0.033 to 033 value of the G3 board, 

Fig. 4   A box plot comparing screw withdrawal resistances for board 
types and feed rates used

Table 4   Statistical analysis

Source DF Sum of square (SS) Mean square (MS) F statistic (df1, df2) P-value

Board type (factor A–rows) 2 1,812,132.133 906,066.0667 23.68315 (2,175) 0.000
Feed-rate (factor B–columns) 2 1,158,943.333 579,471.6667 15.14649 (2,175) 0.000
A × B 4 555,214 138,803 3,87 0.004921
Error 171 6,695,120.333 38,257.83048



11European Journal of Wood and Wood Products (2024) 82:5–13	

1 3

the mean SWR value of these boards was 83–85% of the 
mean SWR value of the G3 board (suggesting an association 
between SWR and IBS as well as an association between 
SWR and board density). However, at a faster feed rate of 
3.33 mm/rev., the SWR value approached 96–97% of the G3 
plate (Table 3). This suggests that the SWR value does not 
correlate with the IBS and density value at very high feed 
rates. Consequently, Eckelman,s formulas (1 and 2) cited in 
the Introduction are no longer applicable.

The Forest Products Laboratory conducted a study inves-
tigating the factors that affect the SWR in solid wood or 
plywood blocks. Despite controlling for variables such as 
screw size and specimen material characteristics, the study 
found that the primary factor affecting SWR was the char-
acteristics of the pilot hole. Specifically, pilot holes with 
smooth sidewalls demonstrated significantly higher SWR 
than those with rough sidewalls. The study found that a well-
sharpened drill bit and a low feed speed are necessary to 
achieve a smooth hole. The study also revealed that a twist 
drill produced a smoother hole than a machine drill in the 
tested materials (Douglas fir plywood and Sitka spruce). 
Pilot holes with visibly scratched or torn walls outside the 
cut line of the drill underwent more severe deformation at 
lower loads and exhibited lower proportional and end loads 
than holes with smooth walls (Goodell and Phillips 1944).

Rajak and Eckelman (1993) investigated the edge and 
face withdrawal strength of large screws in particleboard 
and medium-density fiberboard (MDF). The study explored 
the effects of various parameters, including screw diam-
eter, length, type, and pilot hole diameter. Regarding the 
pilot hole diameter, the authors found that the optimal size 
depends on the screw’s thread major diameter (external 
diameter of the screw). For screws with an external diam-
eter of 6 mm or less, a pilot hole diameter of 70–75% of 
the screw’s thread major diameter provided the high-
est SWR. For screws with a diameter greater than 6 mm, 
a pilot hole diameter of 80–85% of the major diameter of 
the screw thread was optimal. The cited authors also noted 
that a pilot hole diameter smaller than optimal results in 
lower withdrawal strength and increased risk of splitting. 
On the contrary, the use of a pilot hole diameter larger than 
optimal reduced the screw anchoring ability, resulting in a 
lower SWR. Yorur et al. (2020) drilled pilot holes of 80% of 
the external diameter of the screw, i.e., pilot hole diameters 
were 2.8 mm and 3.2 mm for external screw diameters of 
3.5 mm and 4.0 mm. Using 18.0 mm thick particleboards, 
they obtained SWRs of 1042 N and 948 N, respectively. 
The same study proved that soaking the samples in water 
reduces the SWR by up to 50%. In our experiment, the 5 mm 
pilot holes were used, while the confirmat type screw had 
a minor diameter of 4 mm. The diameter of the pilot hole 
was 1 mm larger than the minor diameter of the screw and 
corresponded to 71% of the external diameter of the screw 

(7 mm). Although this diameter is slightly smaller than the 
optimal diameter suggested by Eckelman, it is commonly 
used in the furniture industry’s “system 32”.

Abu and Ahmad (2015) state that the durability issues 
commonly observed in furniture joints can be attributed to 
the interplay between screw withdrawal force and damage 
on the board surface, such as spalling or surface damage 
within the screw holes. These factors lead to a reduction 
in the SWR and adversely affect the load-bearing capac-
ity of the furniture joints. The roughness of the surface 
of holes drilled in wood materials depends on the mate-
rial type and tool used. When drilling with a thorough 
drill, the roughness parameters are lower than for a blind 
drill. Surface roughness parameters decrease with increas-
ing spindle speed and decreasing feed per tooth rate. The 
roughness parameters for particleboards are higher than 
solid wood, regardless of the processing condition (Joshi 
2000; Czarniak et al. 2009). To effectively increase the 
SWR, it’s critical to ensure the accuracy of the pilot hole 
diameter (Nad’ et al. 2019; Sydor et al. 2020), including 
minimizing edge-chipping (Buckner 1986), and reducing 
surface defects in the inner cylindrical surface of the pilot 
hole (Sydor et al. 2021, 2023).

The presented study results have some potential 
limitations:

1.	 The study only focused on one way of mounting the 
screw in the board. This study did not analyze other 
potentially influential factors related to furniture screws, 
such as screw size, screw design variants, and others. 
The study results may not be applicable to all types of 
wood screws.

2.	 The study was conducted on particleboards made of raw 
pine material and urea–formaldehyde resins with three 
different densities. The results may not be applicable 
to other types of wood or composite materials used in 
furniture manufacturing.

3.	 The study used idealized conditions for pilot hole drill-
ing. The SWR measurement was carried out laboratory, 
which may not fully represent all the conditions encoun-
tered in furniture manufacturing operations. As a result, 
caution should be exercised when applying the findings 
to practical situations.

Regardless of these limitations, the study results have 
evident practical implications:

1.	 The study highlights the importance of controlling the 
feed rate during pilot hole drilling to achieve optimal 
screw withdrawal resistance (SWR). The study dem-
onstrates that excessive feed rates can significantly 
decrease the SWR of furniture joints. This could lead to 
improved manufacturing processes and higher-quality 
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furniture products. By avoiding excessively high feed 
rates, manufacturers can prevent a decrease in furniture 
usability due to weak joints.

2.	 The study used different variants of particleboards 
composed of raw pine material and urea–formaldehyde 
resins. Manufacturers can use this information to select 
materials most suitable for achieving optimal SWR and 
increasing the longevity of furniture products.

5 � Conclusion

The type and size of the screw, the screw in-depth, the 
diameter of the pilot hole, and the material properties of 
the particleboard are well-known factors affecting the 
screw withdrawal resistance (SWR). However, the nov-
elty of our study lies in pointing out that the feed rate 
during drilling the pilot hole also impacts SWR. The 
effect observed is comparable to the impact of the feed 
mentioned earlier in terms of enhancing the quality of the 
holes drilled in particleboards with different feed rates. A 
favorable increase in the SWR can be achieved by main-
taining the pilot hole diameter accuracy, reducing edge 
cracking, and minimizing defects on the inner cylindrical 
surface of the pilot hole. The mean SWR is lower when 
drilling at very high feeds.

The results analysis confirms the research hypothesis. 
It can be concluded that the feed rate when drilling pilot 
holes in the particleboard affects the SWR because it 
affects the quality of the hole. A slow feed rate produces 
a clean round hole with smooth walls, which provides a 
good grip for the screw. On the other hand, a fast feed rate 
can cause the drill to wander and produce a rough, oblong 
hole, which reduces the grip and screw-holding strength.

The SWR decreases with an increase in the feed rate 
because the high feed rate causes increased roughness of 
the internal surface of the pilot hole. If the internal cylin-
drical surface of the pilot hole is too rough, it can cause 
the particles to split or break, reducing the material’s over-
all strength and making it more difficult for the screw to 
grip onto the wood material.

A low to moderate feed rate is recommended to pro-
duce good hole quality without damaging the drill tool 
and material. However, in industrial conditions, the feeds 
are increased to boost efficiency. Our research shows that 
the price related to the high feed rate is also the force that 
holds the screws in the holes. Therefore, a slower feed rate 
is recommended to drill pilot holes in the particleboard to 
increase the SWR.

Author contributions  MS conceived and designed the study. ZP and 
MP conducted the experiments and collected the data. All authors (MS, 

MP, ZP, MH, and TR) contributed equally to the discussion and col-
laborated on formulating the conclusions. MS wrote the manuscript. 
MS reviewed and edited the manuscript during the peer review process. 
All authors have read and approved the final version of the manuscript.

Funding  The Slovak Research and Development Agency supported 
this research under contract No. APVV-20-0004 “The Effect of an 
Increase in the Anthropometric Measurement of the Slovak Population 
on the Functional Properties of Furniture and the Business Processes”.

Data availability  The authors confirm that the data analyzed during 
this study are included in this published article.

Declarations 

Conflict of interest  On behalf of all authors, the corresponding author 
declares that the authors have no competing interests as defined by 
Springer or other interests that might be perceived to influence the re-
sults and/or discussion reported in this paper.

Ethical approval  Ethical approval was not required for this study as 
it did not involve human subjects, animals, or the collection of living 
plant material. Additionally, the research did not involve any sensitive 
data.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Abu F, Ahmad M (2011) Screw-fixing damages and screw-holding 
performance in particleboard exposed to the kitchen environment 
in the selected area of Kuala Lumpur and Selangor. In: 2011 3rd 
International Symposium & Exhibition in Sustainable Energy & 
Environment (ISESEE). IEEE, 3 rd International Symposium & 
Exhibition in Sustainable Energy & Environment, 1–3 June 2011, 
Melaka, Malaysia, pp 227–232

Abu F, Ahmad M (2014) Screw fixing fracture and fatigue failure on 
particleboard surface using different style of screw insertion tech-
nique. AMM 607:454–457. https://​doi.​org/​10.​4028/​www.​scien​
tific.​net/​AMM.​607.​454

Abu F, Ahmad M (2015) Effects of screw insertion on screw with-
drawal strength. IJAAS 2:25–29

Arabi M, Faezipour M, Haftkhani AR, Maleki S (2012) The effect of 
particle size on the prediction accuracy of screw withdrawal resist-
ance (SWR) models. J Indian Acad Wood Sci 9:53–56. https://​doi.​
org/​10.​1007/​s13196-​012-​0063-6

Barnes H, Lyon D (1978) Effect of weathering on the dimensional 
properties of particleboard decking. Wood Fiber Sci Fall 
1978:175–185

Buckner OL (1986) Medium density fiberboard and particleboard 
surface and edge qualities: attributes and problems. In: Maloney 
TM (ed) Proceedings, 20th International Particleboard/Composite 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4028/www.scientific.net/AMM.607.454
https://doi.org/10.4028/www.scientific.net/AMM.607.454
https://doi.org/10.1007/s13196-012-0063-6
https://doi.org/10.1007/s13196-012-0063-6


13European Journal of Wood and Wood Products (2024) 82:5–13	

1 3

Materials Symposium. Washington State University, Pullman, 
WA, USA, pp 189–218

Czarniak P, Wilkowski J, Novak V (2009) Influence of tool geometry 
and kind of wood based materials on cutting force and machining 
quality during drilling. Ann Warsaw Univ Life Sci SGGW For 
Wood Technol 68:97–100. https://​wulsa​nnals.​com/​resou​rces/​html/​
artic​le/​detai​ls?​id=​11232​8&​langu​age=​en

Eckelman CA (1973) Holding strength of screws in wood and wood 
base materials. Purdue University, West Lafayette, Indiana, USA

Eckelman CA (1975) Screw holding performance in hardwoods and 
particleboard. For Prod J 25:30–35

EN 322:1993 Wood-based panels - determination of moisture con-
tent. European Committee for Standardization (CEN), Brussels, 
Belgium

EN 310:1993 Wood-based panels - determination of modulus of elas-
ticity in bending and of bending strength. European Committee 
for Standardization (CEN), Brussels, Belgium

EN 319:1993 Particleboards and fibreboards - determination of tensile 
strength perpendicular to the plane of the board. European Com-
mittee for Standardization (CEN), Brussels, Belgium

EN 311:2002 Wood-based panels - surface soundness - test method. 
European Committee for Standardization (CEN), Brussels, 
Belgium

EN 312:2010 Particleboards - specifications. European Committee for 
Standardization (CEN), Brussels, Belgium

EN 320:2011 Particleboards and fibreboards - determination of resist-
ance to axial withdrawal of screws. European Committee for 
Standardization (CEN), Brussels, Belgium

Fujimoto Y, Mori M (1983) Performance of Wood screw joints for par-
ticleboard. Sci Bull Faculty Agric Kyushu Univ Japan 38:45–57

Goodell H, Phillips R (1944) Effects of different methods of drilling 
bolt holes in wood and plywood. United States Department of 
Agriculture Forest Service Forest Products Laboratory, Madison, 
Wisconsin, USA

Hoelz K, Dörner P-T, Hohlweg J, Matthiesen S (2022) Influence of 
thread parameters on the withdrawal capacity of wood screws 
to optimize the thread geometry. Eur J Wood Prod 80:529–540. 
https://​doi.​org/​10.​1007/​s00107-​022-​01792-9

Hoelz K, Kleinhans L, Matthiesen S (2021) Wood screw design: influ-
ence of thread parameters on the withdrawal capacity. Eur J Wood 
Prod 79:773–784. https://​doi.​org/​10.​1007/​s00107-​021-​01668-4

Joshi SS (2000) Drilling Parameters and Their Effect on Chip Clog-
ging and Surface Roughness. Master thesis, North Carolina State 
University

Karlinasari L, Sejati PS, Adzkia U et al (2021) Some of the physical 
and mechanical properties of particleboard made from Betung 
Bamboo (Dendrocalamus asper). Appl Sci 11:3682. https://​doi.​
org/​10.​3390/​app11​083682

Kurt R (2022) Control of system parameters by estimating screw with-
drawal strength values of particleboards using artificial neural 
network-based statistical control charts. J Wood Sci 68:64. https://​
doi.​org/​10.​1186/​s10086-​022-​02065-y

Máchová E, Langová N, Réh R et al (2019) Effect of moisture con-
tent on the load carrying capacity and stiffness of corner wood-
based and plastic joints. BioRes 14:8640–8655. https://​doi.​org/​
10.​15376/​biores.​14.4.​8640-​8655

Nad’ M, Kolíková L, Rolník L, Ďuriš R (2019) Investigation of vibra-
tion effects and tool shape on edge chipping phenomenon occur-
ring during rotary ultrasonic drilling. J Sound Vib 439:251–259. 
https://​doi.​org/​10.​1016/j.​jsv.​2018.​09.​055

Park HJ, Semple K, Smith GD (2006) Screw thread shape and fastener 
type effects on load capacities of screw-based particleboard joints 
in case construction. For Prod J 56:48–55

Pędzik M, Janiszewska D, Rogoziński T (2021) Alternative lignocel-
lulosic raw materials in particleboard production: a review. Ind 
Crops Prod 174:114162. https://​doi.​org/​10.​1016/j.​indcr​op.​2021.​
114162

Pędzik M, Tomczak K, Janiszewska-Latterini D et al (2022) Manage-
ment of forest residues as a raw material for the production of par-
ticleboards. Forests 13:1933. https://​doi.​org/​10.​3390/​f1311​1933

Poblete H, Peredo M, Inzunza L (1994) Resistencia a la extracción 
de tornillos en tableros de partículas fabricados con desechos 
de especies nativas/withdrawal strength of screws from particle-
boards made up from wood wastes of Chilean species. Bosque 
15:77–80

Rajak ZIBHA, Eckelman CA (1993) Edge and face withdrawal strength 
of large screws in particleboard and medium density fiberboard. 
For Prod J 43:25–30

Semple KE, Smith GD (2006) Prediction of internal bond strength in 
particleboard from screw withdrawal resistance models. Wood 
Fiber Sci 38:256–267. https://​wfs.​swst.​org/​index.​php/​wfs/​artic​
le/​view/​621

Semple KE, Xian D, Haghdan S, Smith GD (2014) Reinforced-core 
particleboard for improved screw-holding ability. Wood Fiber Sci 
46:1–17

Sydor M (2019) Geometry of wood screws: a patent review. Eur J Wood 
Prod 77:93–103. https://​doi.​org/​10.​1007/​s00107-​018-​1362-4

Sydor M (2004) Nośność trzpieni meblowych złączy mimośrodowych 
obciążanych siłą nieosiową (Load capacity of furniture cam fas-
tener pins under non-axial force). Drewno 172:91–102

Sydor M, Majka J, Langová N (2021) Effective diameters of drilled 
holes in pinewood in response to changes in relative humidity. 
BioRes 16:5407–5421. https://​doi.​org/​10.​15376/​biores.​16.3.​
5407-​5421

Sydor M, Majka J, Rychlik M, Turbański W (2023) Application of 
3D scanning method to asses mounting holes shape instability 
of pinewood. Materials 16:2053. https://​doi.​org/​10.​3390/​ma160​
52053

Sydor M, Rogoziński T, Stuper-Szablewska K, Starczewski K (2020) 
The accuracy of holes drilled in the side surface of plywood. 
BioRes 15:117–129. https://​doi.​org/​10.​15376/​biores.​15.1.​117-​129

Tankut N (2011) The influence of pilot hole on the moment resist-
ance of screwed T-Type furniture joints. Ann WULS – SGGW 
for Wood Technol 73:75–84

Tor O, Yu X, Zhang J (2015) Characteristics of torques for driving 
screws into wood-based composites. Wood Fiber Sci 47:2–16

Wang X, Salenikovich A (2007) Localized density effects on fastener 
holding capacities in wood-based panels. For Prod J 57:103–109

Wang X, Salenikovich A (2009) Localized density effects on fastener 
holding capacities in wood-based panels. Part 2: Cyclic tests. For 
Prod J 59:61–68

Wronka A, Kowaluk G (2022) Upcycling different particle sizes and 
contents of pine branches into particleboard. Polymers 14:4559. 
https://​doi.​org/​10.​3390/​polym​14214​559

Yorur H, Birinci E, Gunay MN, Tor O (2020) Effects of factors on 
direct screw withdrawal resistance in medium density fiberboard 
and particleboard. Maderas Cienc Tecnol. https://​doi.​org/​10.​4067/​
S0718-​221X2​02000​50003​11

Yu X, Tor O, Quin F et al (2015) Screwdriving torques in particle-
boards. Wood Fiber Sci 47:17–30

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://wulsannals.com/resources/html/article/details?id=112328&language=en
https://wulsannals.com/resources/html/article/details?id=112328&language=en
https://doi.org/10.1007/s00107-022-01792-9
https://doi.org/10.1007/s00107-021-01668-4
https://doi.org/10.3390/app11083682
https://doi.org/10.3390/app11083682
https://doi.org/10.1186/s10086-022-02065-y
https://doi.org/10.1186/s10086-022-02065-y
https://doi.org/10.15376/biores.14.4.8640-8655
https://doi.org/10.15376/biores.14.4.8640-8655
https://doi.org/10.1016/j.jsv.2018.09.055
https://doi.org/10.1016/j.indcrop.2021.114162
https://doi.org/10.1016/j.indcrop.2021.114162
https://doi.org/10.3390/f13111933
https://wfs.swst.org/index.php/wfs/article/view/621
https://wfs.swst.org/index.php/wfs/article/view/621
https://doi.org/10.1007/s00107-018-1362-4
https://doi.org/10.15376/biores.16.3.5407-5421
https://doi.org/10.15376/biores.16.3.5407-5421
https://doi.org/10.3390/ma16052053
https://doi.org/10.3390/ma16052053
https://doi.org/10.15376/biores.15.1.117-129
https://doi.org/10.3390/polym14214559
https://doi.org/10.4067/S0718-221X2020005000311
https://doi.org/10.4067/S0718-221X2020005000311

	The influence of feed rate during pilot hole drilling on screw withdrawal resistance in particleboard
	Abstract
	1 Introduction
	2 Material and methods
	2.1 Materials
	2.1.1 Particleboards
	2.1.2 Screw

	2.2 Methods
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	References




