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Wood-based panels are a group of products with a wide range of applications. They are not obtained
from solid wood, but are made from wood fragments, such as wood chips, sawdust or wood dust,
which are usually waste from production. The recycled material, after being mixed with a binder,
is compressed. As a consequence of such a process, different types of boards are obtained: MDF
(Medium-Density Fiberboard), HDF (High-Density Fiberboard), fiberboard or particleboard. In re-
sponse to the problems accompanying the use of MDF and HDF boards, a new type of wood-based
boards has been developed, called CDF (Compact Density Fiberboard).

In this study the strength properties of CDF panels reinforced with melamine films were investigated
for four thicknesses: 6.4 mm, 8.4 mm, 10.4 mm and 12.4 mm. Young’s modulus E, tensile strength
Rm and percentage total extension at fracture At were determined by a static tensile test. The results

ANOVA of the strength tests of wood-based panels were subjected to statistical analysis to determine the effect
of the thickness of the panel on its strength.
CDF boards have a low total elongation at break of about 0.5%, and exhibit greater stiffness, with
a Young’s modulus of at least 5,600 MPa. The statistical analysis shows that for boards up to 12.4 mm
thick, their thickness usually does not affect the strength properties. The only exception is in the
Young’s modulus values for a thickness of 12.4 mm.
DOI: 10.53502/wo0d-200039
This is an open access article under the CC BY 4.0 license:
https://creativecommons.org/licenses/by/4.0/deed.en.

Introduction sawdust, plywood strips, small wood particles, and

chips (Kim and Song, 2014). In the production of wood

Wood-based panels are a group of products with a wide
range of applications, obtained not from solid wood,
but from wood fragments. Wood-based panels are
produced by defibering wood into wood fiber, which
is mixed with waxes or synthetic resins, such as urea—
formaldehyde resin, and pressed under high pressure
and temperature (Roila, 2023). The raw material used to
produce wood-based panels consists mainly of shavings,
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panels, various types of additives can be used, often
recycled, to improve their properties; for example, ke-
naf, wheat straw, Californian pine, bamboo, as well
as other types of fibers, not necessarily wood fibers
(Roila, 2023). In addition, rubber wood can be suc-
cessfully used in production, although due to climate
change in the form of prolonged wet periods, especially
on high slopes, the extraction of this raw material has
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become inefficient (Rowson, 2022). There are a num-
ber of scientific publications describing the process
of manufacturing wood-based panels using waste
material, which is beneficial from the point of view
of environmental protection (Onisko, 2011). However,
unlike primary raw materials, recycled materials ex-
hibit inferior physicochemical properties (Lubis et al.,
2018), which may affect the properties of the finished
panels (Zhao et al., 2019). There are existing works
describing hardboards made of recycled corrugated
cardboard (Hunt et al., 1999). MDF boards can be
made exclusively from waste material, as well as from
recovered newspaper fibers (Nourbakhsh et al., 2010).
Waste from HDF boards can also be reused in the pro-
duction of high-density fiberboards. In 2020, results
were published from research on the effect of adding
waste on the properties of high-density fiber compos-
ites. In some cases, adding recycled HDF board had
a beneficial effect on the properties of the final product.
In this case, a 30% reduction in water absorption and
a 12% lower surface roughness were observed (Sala,
2020). The subject literature also contains research on
wood-based boards with melamine admixtures. Lieber
etal. (2018) analyzed the effect of the seasoning period
of particleboards containing melamine-urea—formal-
dehyde resin on their mechanical properties. In 2019,
the results of a study on the effect of conditions of use
on selected properties of furniture particleboards fin-
ished with a melamine film were published (Borysiuk
et al., 2019). Melamine additives can be used in the
production of wood-based panels in various amounts.
Franco et al. (2024) investigated the effect of adding
melamine paper shavings (0%, 5%, 10%) in the pro-
duction of MDF panels. Through this process, different
types of boards are obtained: MDF (Medium-Density
Fiberboard), HDF (High-Density Fiberboard), fiber-
board, and particleboard.

The currently used HDF or MDF boards have rela-
tively high price and moderate durability. HDF boards
are primarily designed to produce floor panels, and are
less commonly used in the furniture industry. To pro-
duce furniture, MDF boards are commonly used —
in Poland the standard thickness is 18 mm (Sydor and
Wolpiuk, 2016), which leads to inefficient use of avail-
able space. Boards exposed to water swell, deform, and
consequently lose their properties. If exposed to open
flames, they quickly become charred. HDF and MDF
boards generate high production costs and create many
operational problems.

In response to the problems accompanying the use
of MDF and HDF boards, a new type of wood-based
boards, called SwissCDE, has been developed by Swiss
Krono (Swiss Krono, 2023). These are black-stained,
refined HDF wood-based boards pressed under high
pressure, which gives them a high density of over

1000 kg/m’. The surface of the boards is protected by
multiple layers of melamine film coating, making them
highly stable and resistant to scratches, water splashes
and even fire. CDF (Compact Density Fiberboard) is
particularly recommended as a structural element
of luxury furniture, which requires above-average
strength and the highest quality of workmanship.
The increased moisture resistance of CDF boards makes
them ideal for use in furniture for rooms with increased
humidity, such as bathroom cabinets or furniture for
wellness zones. These boards have a limited formalde-
hyde content (< 8 mg per 100 g dry weight). In case of
contact with an open source of fire, they achieve a flame
retardancy of C-s2, d0 class. These boards are produced
with thicknesses ranging from 6.4 to 19.4 mm.

Tests conducted by the manufacturer have shown
that for unlaminated, raw CDF boards with thicknesses
of 5.8 mm, 7.8 mm, 9.8 mm and 11.8 mm, the bending
strength measured according to the EN 310 standard
exceeds 60 MPa. For comparison, the value of this pa-
rameter is in the range 17-23 MPa for MDF boards, and
is 40 MPa for HDF boards. In addition, CDF boards
have a modulus of elasticity in bending in the range
5500-6000 MPa, depending on the thickness. The mini-
mum transverse tensile strength is 1.8-2.0 MPa. The man-
ufacturer also declares a peel strength (glued joint)
of > 1.8 MPa for boards with a thickness of 15.8 mm
and 18.8 mm and > 2.0 MPa for boards with a thickness
of 5.8-11.8 mm (SwissKrono. Product card).

In the present study, the strength properties of CDF
panels reinforced with melamine films were investi-
gated for four thicknesses: 6.4 mm, 8.4 mm, 10.4 mm,
and 12.4 mm. Young’s modulus E, tensile strength R
and total elongation at break A, were determined by
a static tensile test. Based on statistical analysis of the
results, the research hypothesis regarding the effect
of the thickness of a CDF wood-based board on its
strength properties under tensile load was verified.

Materials and methods

The research material consisted of commercial Swiss-
CDF wood-based boards with thicknesses of 6.4 mm,
8.4 mm, 10.4 mm and 12.4 mm, coated on both sides
with a cellulose laminate with an admixture of epoxy
resin. The core of the tested CDF board was made
of crushed, colored wood material, which was addi-
tionally reinforced with a two-layer melamine film. Due
to the presence of melamine and the high forming pres-
sure, the CDF board is flame retardant and resistant
to external factors, including water. The boards were
supplied by an external supplier, and the shaped test
specimens were made at the research unit.

Tests were carried out on type A universal samples
made in accordance with PN-EN ISO 3167:2014-09
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Fig. 1. Dimensions of a test specimen. The thickness g of the specimen corresponds to the thickness of the tested panel

(Fig. 1). The thickness g of the samples corresponded to
the thickness of the boards from which the samples were
made (6.4 mm, 8.4 mm, 10.4 mm or 12.4 mm). Three
samples were tested for each thickness of CDF board.
The results of thickness and width measurements
of specimens, used to determine the initial cross-sec-
tion, along with determined measurement uncertainty
(Arendarski, 2013; Kostyrko and Piotrowski, 2012), are
shown in Table 1 and Table 2. The following designa-
tions are used in the table:
8y & &, — individual sample thickness measurements
in the measured section, mm;
bl, b2> b3 - individual sample width measurements in
the measured section, mm;
8, b, —average thickness or average width of the sample
in the measured section, mm;
s — standard deviation of sample thickness or width
in the measured section, mm.

Type A uncertainty was determined for the thick-
ness g, or width b of individual samples assuming that
the measurement results have a normal distribution:

Sx

v/n

Ux(A) = (1)
where 7 is the number of measurements and s_is the
standard deviation for the dimension in question.

Type B uncertainty was determined for a measure-
ment with a digital micrometer with an elementary
plot of Ax = 0.01 mm assuming a uniform probability
distribution:

Ux®) = V3 2)

The total uncertainty of the thickness or width mea-
surements of the samples was determined based on the
relationship

Ux(C) = \/(ux(A))2 + (um)” (3)

The expanded uncertainty of the measurements was
determined by assuming a coverage factor of k = 2
(a confidence level of about 95%):

UX =k- ux(c) (4)

The size of the initial cross-section of the sample S
(Table 3) is determined by the formula

So =bo " 8o (5)

and the compound uncertainty of the measurement
of the cross-sectional relationship is

9S4\ 3S\*
“Sa%(%) i+ (5g) v

(6)

where:

b, g, - denote the initial width and initial thickness,
respectively, of the individual samples in the measured
section, mm;

U, U, = denote the uncertainty of the measurement
of the width and thickness, respectively, of the indi-
vidual samples in the measured section.

Since

0So

o — 80 (7)

and
a8 _
g bo

(8)

we have

u50=\/g0-u12)+b0-u§ ©)
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Table 1. Results of thickness measurements of specimens g with the measurement uncertainty
(expansion coeflicient k = 2)

Nominal Sample g1 gZ g3 gO sx ux(A) ux(B) ux(C) gO t Ux
thickness  designation
mm
6-1 6.31 6.32 6.32 6.32 0.01 0.01 0.01 6.32 +0.02
6.4 mm 6-2 6.28 6.29 6.29 6.29 0.01 0.01 0.01 6.29 £ 0.02
6-3 6.36 6.36 6.36 6.36 0.01 0.01 0.01 6.36 +0.02
8-1 8.44 8.44 8.44 8.44 0.00 0.00 0.01 8.44 + 0.02
8-2 8.45 8.39 8.43 8.42 0.03  0.02 0.02 8.42 +0.04
8.4 mm
8-3 8.43 8.38 8.43 8.41 0.03 0.02 0.02 8.41 +0.04
0.01
10-1 10.40 10.44 10.43 1042  0.02 0.01 0.01 10.42 £ 0.02
10-2 10.43 10.40 10.44 1042 0.02 0.01 0.01 10.42 +0.02
10.4 mm
10-3 10.44 10.41 10.44 1043  0.02 0.01 0.01 10.43 +£0.02
12-1 12.20 12.20 12.20 1220 0.00 0.00 0.01 12.20 +£0.02
12.4 mm 12-2 12.20 12.20 12.20 1220  0.00 0.00 0.01 12.20 £ 0.02
12-3 12.00 12.00 12.00 12.00  0.00 0.00 0.01 12.00 = 0.02
Table 2. Results of width measurements of specimens b with the measurement uncertainty
(expansion coeflicient k = 2)
Nominal Sample b, b, b, b, S Lo Yo Yo b+ U
thickness  designation
mm
6-1 10.30 10.30 10.48 10.36  0.10 0.06 0.06 10.36 £ 0.12
6-2 10.30 9.85 10.33 10.16  0.27 0.16 0.16 10.16 £ 0.31
6,4 mm
6-3 10.29 10.24 10.69 1041 025 0.14 0.14 10.41 £ 0.29
8-1 10.23 9.89 10.52 1021 032 0.18 0.18 10.21 £ 0.37
8-2 10.01 9.95 10.60 10.19 036 0.21 0.21 10.19 £ 0.42
8,4 mm
8-3 10.10 9.95 10.44 10.16  0.25 0.14 0.14 10.16 +0.29
0.01
10-1 10.85 10.40 10.60 1062 023 0.13 0.13 10.62 +£0.27
10-2 10.29 10.10 10.07 10.15 0.12  0.07 0.07 10.15+0.14
10,4 mm
10-3 10.36 10.07 10.23 1022 0.15 0.09 0.09 10.22 £ 0.17
12-1 10.18 10.55 12.30 1034 0.19 0.11 0.11 10.34 £ 0.22
12,4 mm 12-2 10.70 10.30 10.58 10.53 021  0.12 0.12 10.53 £0.24
12-3 10.10 9.90 10.10 10.03  0.12  0.07 0.07 10.03 +0.14
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Table 3. Cross-section S| of samples with the measurement uncertainty (expansion coefficient k = 2)

Nominal Sample Specimen thickness Specimen width Sample cross-section
thickness designation g, mm b,, mm S,, mm?
6-1 6.32 £ 0.02 10.36 £ 0.15 65.5+4.0
6-2 6.29 £ 0.02 10.16 £ 0.41 63.9£6.0
6.4 mm
6-3 6.36 £ 0.01 10.41 £ 0.38 66.2 5.8
8-1 8.44 +£0.01 10.21 £ 0.49 86.2+8.5
8-2 8.45 £ 0.08 10.19 £ 0.55 86.1 £9.7
8.4 mm
8-3 8.41 £ 0.06 10.16 £ 0.38 85.5+8.2
10-1 10.42 £ 0.05 10.62 £ 0.35 110.7 £9.3
10-2 10.42 + 0.03 10.15+0.18 105.8 £ 6.8
10.4 mm
10-3 10.43 £0.03 10.22 £ 0.23 106.6 £7.5
12-1 12.20 £ 0.01 10.01 £ 0.20 122.1+7.8
12.4 mm 12-2 12.20 £ 0.01 10.53 £ 0.32 128.5+9.9
12-3 12.00 £ 0.01 10.03 £ 0.18 1204 +7.4
The expanded uncertainty of the initial cross-sec- where:

tion of the sample S, was determined analogously to
equation (4) by assuming a coverage factor of k = 2
(a confidence level of about 95%).

Tensile tests were carried out in accordance with
PN-EN ISO 527-2:2012 using an INSTRON 5966 test-
ing machine. The specimens, axially fixed in the ma-
chine’s grips (Fig. 2), were subjected to monotonically
increasing tensile loading, with the testing machine’s
piston travel speed set at 0.05 mm/s. The tests were
conducted at a temperature of 21 °C and a humidity
of 45%. During the test, the actual values of the load-
ing force, the displacement of the grip of the testing
machine, and the deformation of the specimen in the
measurement section were recorded using an exten-
someter with a measuring base of 50 mm and a mea-
suring range of +£5 mm. The tests were continued until
the specimen broke.

The stress in the measured part of a tensile specimen
is determined by the formula

_F
o= 3 (10)

and the compound uncertainty of the stress mea-
surement is

do\? 5 9o \?2 5
Us = (ﬁ) '“F*(&)

(11

F is the tensile force, N;

S, is the initial cross-section of the sample, mm?;

u, is the uncertainty of the force measurement, N;

ug is the uncertainty of the measurement of the initial
cross-section of the sample, mm?.

Since
O _ 1
9F — S, (12)
and
9 _ _ F_
35, 5,2 (13)
we have

1,2 F\*
e g) ()
0

The expanded uncertainty (equation 14) of the
tensile strength R was determined analogously to
equation (4) by assuming a coverage factor of k = 2
(a confidence level of about 95%).

The uncertainty of the force measurement was
determined based on the load cell class of the test-
ing machine (K = 0.5) and its measurement range
of AF = 10 kN:

Drewno. Prace naukowe. Doniesienia. Komunikaty 68 (215) 2025



Lipski A. et al.: Strength of High-Density Wood-Based Panels Reinforced with Melamine Films

Fig. 2. Specimen in the jaws of an INSTRON 5699 testing machine with extensometer attached

K- AF
up=——="50N

15
100 =

The uncertainty of the strain measurement
was determined by the class of the extensometer
(K =0.5), its measurement range Ae = 5 mm, and the
base L, =50 mm, i.e. Ag = 10%:

_Kle o059
uS_lOO_ . 0

(16)

Young’s modulus E was determined using a linear
regression method for the linear relationship between
the force F and the strain € recorded during the test,
expressed in mm/mm:

F mg

E = ==
So's SO

(17)

for which the equation of the regression line takes the
form

F:mE'€+bE (18)

where is the slope of the regression line and is the
intercept of the regression line.

The compound uncertainty of the measurement
of Young’s modulus is given by

B (6E>2 o2 +<6E>
HE = Nomg/ Ome T \3s,

2

2
‘w2 (19)

where is the standard deviation of the slope of the re-
gression line.

Because
0E 1
—_— = (20)
amE SO
and
aE . mg )1
aSO_ SOZ ( )
we have
1 2 mg z
_ ) . 51 .2 22
o= [(5) b (33) 3, @

As before, the expanded uncertainty was determined
by taking the expansion factor k = 2 (a confidence level
of about 95%).

The following is the standard deviation of the slope
of the regression line (Table 6) for n pairs of F, ¢, on
the basis of which the regression line was determined:

(23)

where the standard deviation of the force values F, de-
scribed by the axis of ordinates is

1 [x (TR, F))?
. 2 __ =1l 17 24
n—1 [; i n ] (24)

SF:
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and the standard deviation of strain values €, described
by the axis of abscissae is

n
1 Qi &)?
S = j[Z | @
i=1
The coefficient of correlation is
S
— eF (26)
SS ) SF
where the covariance is given by
Sppm Zn:g. p, - 2z 2 P (27)
eF n—1 - i i n
i=

Analysis of variance

v

Checking the assumption of normality of the distribution:
- categorized normality graph
- Shapiro-Wilk test

Whether the assumption

The test results were analyzed to determine the
possible effect of CDF plate thickness on the strength
properties. Statistical analysis was carried out based on
one-way analysis of variance (ANOVA) using the ad-
vanced analytics software package STATISTICA (Stat-
Soft, 2006) according to the flow chart shown in Fig. 3
(Rabiej, 2018). One-way ANOVA is a method of testing
the results of measurements that are influenced by only
one factor, in this case the thickness of the CDF plate.

Results and discussion

The actual values of the loading force recorded during
the tests were divided by the initial cross-section S to
determine the stress—strain relationship for the speci-
men in the measurement section (Fig. 4).

Tensile strength R , percentage total extension
at fracture A, and Young’s modulus E, along with

No

has been met?

Checking the assumption of homogeneity of variance:
-Levene's test
- Brown—Forsythe test
- Bartlett's, Cochran's, and Hartley's tests

Whether the assumption
has been met?

Non-parametric Kruskal-Walis test

Y

One-way ANOVA test of significance

Median test

|

Were there significant differences?

|

Were there significant differences?

Effect sizes and statistical power test. Post-hoc tests:
- Scheffé test
- Tukey's HSD test
- Bonferroni tests

Multiple comparisons test

y

End of analysis

Fig. 3. Flow chart for one-way ANOVA analysis of variance
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Fig. 4. Tensile test results for different thicknesses of wood-based panels:
6.4 mm (a), 8.4 mm (b), 10.4 mm (c) and 12.4 mm (d)

Table 4. Tensile strength R with the measurement uncertainty (expansion coefficient k = 2)

Nominal Sal'nple F S, u, R u, R +U, R _+U, (avg.)
thickness designa-
tion N N mm? mm? MPa MPa MPa MPa
6-1 2107.2 65.5 1.8 32.2 1.2 32223
6-2 2327.7 63.9 2.6 36.4 1.7 36.4+34
6.4 mm 50 34.0+3.5
6-3 2204.1 66.2 2.6 333 1.5 33.3+£3.0
8-1 3028.9 86.2 3.7 35.1 1.6 351+3.2
8-2 2532.9 85.8 4.1 29.5 1.5 29.5+3.0
8.4 mm 50 30.0£3.5
8-3 2180.7 85.4 3.5 25.5 1.2 255+24
10-1 2869.1 110.7 4.0 259 1.0 259+2.1
10-2 2999.3 105.8 3.0 28.3 0.9 283+19
10.4 mm 50 272+2.1
10-3 2909.5 106.6 3.3 27.3 1.0 27319
12-1 3108.1 126.1 4.1 24.6 0.9 24.6 £ 1.8
12.4 mm 12-2 4125.9 50 128.5 4.3 32.1 1.1 32123 27.1+26
12-3 2960.2 120.4 3.3 24.6 0.8 246+ 1.6
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Table 5. Percentage total extension at fracture A with the measurement uncertainty
(expansion coeflicient k = 2)

A, u, A +U, A +U (avg.)
Nominal Sample
thickness designation
% % % %
6-1 0.528 0.528 + 0.1
6.4 mm 6-2 0.573 0.05 0.573+0.1 0.551 + 0.14
6-3 0.552 0.552 + 0.1
8-1 0.685 0.685 + 0.1
8.4 mm 8-2 0.587 0.05 0.587+0.1 0.578 + 0.24
8-3 0.462 0.462 + 0.1
10-1 0.419 0.419 + 0.1
10.4 mm 10-2 0.485 0.05 0.485+0.1 0.469 + 0.17
10-3 0.504 0.504 + 0.1
12-1 0.504 0.504 + 0.1
12.4 mm 12-2 0.645 0.05 0.645+ 0.1 0.545 + 0.22
12-3 0.487 0.487 + 0.1

Table 6. Summary of the parameters used to determine the standard deviation of the slope of the regression line

Nominal Sample M, b, S S, Se Sue r
thickness designation N N N ) N N )
6-1 141 450 683.3 10.2 207.6 0.000460 0.096 589.1 ~1
6-2 155 454 651.1 10.8 227.9 0.000501 0.114 378.7 ~1

6.4 mm
6-3 144 440 306.9 12.4 211.9 0.000481 0.102 501.5 ~1
8-1 204 503 976.8 15.2 301.0 0.000597 0.180 451.0 ~1
8-2 167 479 961.9 15.5 246.1 0.000513 0.126 644.1 ~1

8.4 mm
8-3 136 498 843.9 7.8 200.6 0.000402 0.081 445.3 ~1
10-1 179 726 046.8 12.9 265.1 0.000365 0.097 586.0 ~1
10-2 190 664 505.0 9.8 280.9 0.000423 0.119 400.1 ~1

10.4 mm
10-3 186 628 277.5 12.7 274.7 0.000438 0.120 643.9 ~1
12-1 205 693 886.8 8.9 303.5 0.000437 0.133 593.1 ~1
12.4 mm 12-2 282 742 740.1 21.8 417.3 0.000562 0.234 599.5 ~1
12-3 77 660 760.8 223 277.0 0.000419 0.116 1236 ~1
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Table 7. Young’s modulus E with the measurement uncertainty (expansion coefficient k = 2)

Nominal Sample m, S . S, ug, E u, ExU, E+U, (avg.)
thickness designation N N mm? mm’ MPa MPa MPa MPa
6-1 450 683.3 589.1 65.5 1.8 6 883 188 6 883 + 376
6-2 454 651.1 378.7 63.9 2.6 7114 295 7114 £ 590
6.4 mm 6 882 = 590
6-3 440 306.9 501.5 66.2 2.6 6 650 261 6 650 £ 521
8-1 503976.8 451.0 86.2 3.7 5848 252 5848 + 504
8-2 479 961.9 644.1 85.8 4.1 5594 266 5594 £ 532
8.4 mm 5760 532
8-3 498 843.9 445.3 85.4 3.5 5838 238 5838 £475
10-1 726 046.8 586.0 110.7 4.0 6561 236 6561 +473
10-2 664 505.0 400.1 105.8 3.0 6283 177 6283 + 354
10.4 mm 6246 £472
10-3 62 8277.5 643.9 106.6 33 5894 182 5894 + 363
12-1 693 886.8 593.1 126.1 4.1 5501 180 5501 £+ 359
12.4 mm 12-2 742 740.1 599.5 128.5 4.3 5782 195 5782+ 389 5591 + 390
12-3 660 760.8 1236 120.4 33 5490 149 5490 £ 298

measurement uncertainties, are given in Table 4,
Table 5 and Table 7. The uncertainty in the measure-
ment of the average value of the strength parameter
takes into account the scatter in the results obtained
for the different thicknesses of the plates.

CDF wood-based boards have a high density
of more than 1000 kg/m’. Their tensile strength of
atleast 27.1 MPa is greater than that of MDF boards:
20.7 MPa (tempered), 15.2 MPa (standard), 3.8 MPa
(service-tempered) (Youngquist, 1999; Jakimovska
Popovska, Iliev and Spiroski, 2016). CDF boards,
like MDF and HDF boards, have a low total elon-
gation at break of about 0.5%. They exhibit greater
stiffness: their Young’s modulus (at least 5,600 MPa)
is greater than that of high-density (3,450 MPa) or
medium-density panels (2,400 MPa). Wood-based
boards containing melamine admixtures have been
subjected to numerous tests. Lieber et al. (2018)
analyzed the effect of the seasoning period of par-
ticleboards on their mechanical properties. For this
purpose, particleboards were produced in laboratory
conditions with a thickness of 16 mm and a density of
680 kg/m?, using melamine—urea—formaldehyde resin.
Eight variants of board seasoning were tested. The
highest value of the modulus of elasticity (3,017 MPa)
was recorded for boards seasoned for 7 days, and the
lowest (2,601 MPa) for unseasoned boards.

In turn, increasing the content of melamine paper
has been shown to improve the mechanical properties

of boards by reducing water absorption and board
swelling. In a recent study, the lowest Young’s mod-
ulus value (1,436 MPa) was obtained for boards
without melamine. The addition of melamine paper
significantly increased the value of this parameter
to 1,729 MPa for a 5% melamine paper content and
1,884 MPa for a 10% content (Franco et al., 2024).
The results of research on the influence of the condi-
tions of use on selected properties of furniture chip-
boards finished with a melamine film showed that
the values of the modulus of elasticity can range from
about 3,400 to 4,000 MPa (Borysiuk et al., 2019).
The values of the modulus of elasticity obtained
in our own studies are much higher. This indicates
that CDF boards are much more difficult to deform.
The research results were subjected to statistical
analysis. The first step was to perform the Shapiro-
Wilk test. The null hypothesis of this test is that the
population is normally distributed. If the p-value is
greater than the chosen level of significance a = 0.05,
then the null hypothesis cannot be rejected. If the
p-value is less than a, then the null hypothesis is re-
jected and there is evidence that the tested data are
not normally distributed. Values of the Shapiro-Wilk
test statistic W and p-values for each tested thickness
of CDF panels are listed in Table 8. The results of the
analysis show that in the case of tensile strength R
and percentage total extension at fracture A, the as-
sumption of normality of distribution is met. For these
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Table 8. Results of conducting the Shapiro-Wilk test (a = 0.05)

Nominal R, A, E
thickness Test statistic W p-value Test statistic W p-value Test statistic W p-value
6.4 mm 0.9297 0.4876 0.9985 0.9265 0.9996 0.9620
8.4 mm 0.9908 0.8168 0.9951 0.8667 0.7669 0.0377
10.4 mm 0.9952 0.8679 0.9075 0.4098 0.9910 0.8184
12.4 mm 0.8710 0.2983 0.8297 0.1875 0.9995 0.9572
Table 9. Results of conducting the Levene’s test and the Brown-Forsythe’s test (a = 0.05)
Levene’s test Brown-Forsythe’s test
Parameter
Test statistic F p-value Test statistic F p-value
- 2.11 0.18 0.61 0.63
A, 2.03 0.19 0.72 0.57
0.42 0.75 0.39 0.77
Table 10. Results of conducting the Bartlett’s test, Cochran’s test and the Hartley’s test (a = 0.05)
Bartlett’s test Cochran’s test Hartley’s test
Parameter p-value
Test statistic x> Test statistic C Test statistic F
- 3.35 0.44 14.81 0.34
A, 3.90 0.55 24.64 0.27
1.08 0.39 4.85 0.78

Table 11. Results of One-Way analysis of variance ANOVA (a = 0.05)

One-Way ANOVA

Parameter
Test statistic F p-value
R 2.57 0.13
A 1.16 0.38

parameters, the next step was to check the assumption
of homogeneity of variance.

Levene’s test is used to assess the equality of vari-
ances for a variable calculated for two or more groups.
Since the p-value obtained from Levene’s test is greater
than the significance level a = 0.05, the null hypothe-
sis of the test indicates that the population variances
are equal. An analogous conclusion follows from the
other tests (Table 9 and Table 10). In this situation it
is possible to perform one-way analysis of variance

(ANOVA). Since the p-value resulting from one-way
ANOVA is greater than the significance level a = 0.05,
we accept the null hypothesis that there is no differ-
ence in the tensile strength R due to the thickness of
the CDF plate. The same conclusion is indicated by
the results of one-way ANOVA for percentage total
extension at fracture A (Table 11).

Since for one thickness the Young’s modulus
E has a p-value less than the significance level of
a = 0.05, and therefore the assumption of normality

Drewno. Prace naukowe. Doniesienia. Komunikaty 68 (215) 2025

11



Lipski A. et al.: Strength of High-Density Wood-Based Panels Reinforced with Melamine Films

Table 12. Results of the non-parametric Kruskal-Wallis test and the median test (a = 0.05)

Kruskal-Wallis test Median test
Parameter
Test statistic H p-value Test statistic x* p-value
E 9.97 0.0188 12.00 0.0074

of distribution was not met, the non-parametric Kru-
skal-Wallis test, for testing whether samples orig-
inate from the same distribution, was performed,
as well as the median test. The p-values obtained
in both tests (Table 12) are less than the signifi-
cance level, indicating that the results of the tests for
at least one thickness of CDF plate are significantly
different from the others. To identify such a group
of results, multiple comparison tests of sample mean
ranks were performed. The analysis showed that the
fourth group of results (for a CDF plate thickness of
12.4 mm) was the only one that differed significantly
from the other groups (p = 0.0195 < a = 0.05).

Conclusions

1. CDF boards are brittle materials for which it is not
possible to determine a conventional yield strength.
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