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of plywood sheets. Part 2. Physical and mechanical
properties of plywood materials
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ABSTRACT: The second part of the paper summarizes results of an institutional research aimed at the determination
of physical and mechanical properties of different sets of plywood sheets pressed under different conditions. The first
part dealt with the determination of compressibility or values of decreasing the thickness of pressed plywood sheets. In
this second part, results are summarized of the analysis of physical and mechanical properties of the set of whole-beech
plywood sheets of the nominal thickness of veneers amounting to 1.5 mm. The plywood sheets were manufactured
as seven-ply and urea-formaldehyde resin DUKOL S was used for their production. The sheets were pressed using a
pressure of 1.5 and 1.7 MPa. Following parameters were analyzed: moisture, density, bending strength, MOE in bend-

ing and shear strength.
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Wood is characterized by a number of excellent
properties such as strength properties in relation to
its density, heat insulation properties, good work-
ability, etc. However, it shows also its drawbacks
limiting possibilities of the full use of its advantages.
It is not possible to manufacture materials of larger
areas of wood without dividing it first to smaller
parts and these parts to join subsequently to large-
area materials. Wood does not exhibit sufficient
hardness being anisotropic from the viewpoint of
properties. It is subject to rot being not resistant to
fire and water and contains various defects (knots,
splits, checks).

Drawbacks mentioned above can be eliminated
to a considerable extent or removed through wood
processing to sheet or board materials. Larger
dimensions can be achieved by the manufacture
of peeled veneers and their subsequent pasting to
large-area plywood sheets. The plywood sheets show
broad use in various branches of human activities,
viz. in furniture industry, building, manufacture of
wraps, transport, agriculture etc.
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Plywood sheets are defined as sheets with mutu-
ally pasted plies direction of fibres of neighbouring
plies being perpendicular to each other. Generally,
outer and inner plies on both sides are symmetrical
with respect to the middle (or central) ply. For the
manufacture of plywoods, quality raw material is
used in sufficient lengths and diameters. It refers to
the 2" quality according to the CSN 48 0055 and
CSN 48 0056 standards. The quality of plywoods is
assessed according to many criteria and character-
istics. Generally, it is possible to state that plywoods
are classified according to valid standards. Plywoods
have to fulfil requirements for dimensional accuracy
(formats and dimension timber), gluing quality, outer
quality features, physical and mechanical properties,
special requirements of customers (decreased for-
maldehyde release, increased fire resistance, resist-
ance to mildew, fungi and insect).

In plywood sheets manufactured from one species
it is possible to create sheets with different strength
properties in various directions by means of the
combination of longitudinal and transverse veneers
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of various thickness. According to requirements of
a final user it is possible to manufacture sheets with
nearly identical properties in both directions (longi-
tudinal, transverse) or sheets with markedly different
properties in these directions.

Bending strength and modulus of elasticity in
bending of plywood materials are affected by a
number of factors, viz. wood moisture, wood density,
wood structure, temperature, number of plies and
permanent load.

Strength and elastic properties of wood and wood-
based materials are dependent on moisture to the
fibre-saturation point. Above the point they do not
change any more. Within the range of moisture from
8 to 18%, changes in properties of wood and plywood
sheets are most intensive being linear. With a change
in moisture by 1% (in a range of 5-30%), bending
strength changes by 4% and modulus of elasticity by
1% (STELLER 1978).

With increasing density modulus of elasticity in
bending and bending strength increase. This rela-
tionship is expressed linearly. Relationships between
density and mechanical properties of wood are more
complex because wood strength is not dependent
only on its density but also on its anatomical struc-
ture. Effects of density become evident particu-
larly in dry wood whereas under conditions of wood
moisture above the limit of hygroscopicity they are
indistinct (STELLER 1967).

With increasing temperature, modulus of elasticity
in bending and bending strength decrease. Effects of
temperature on mechanical properties change with
moisture. With increasing temperature and moisture
wood strength markedly decreases. Parallel effects of
both the factors lower the strength more than sepa-
rate effects of each of the factors (MATOVIC 1993).

In bending load, the geometrical arrangement of
plies acts a decisive role. Properties of particular
plies and their proportion in the whole thickness
of a sheet are an essential parameter. In elements
loaded by bending it is possible to carry out extreme
reduction of a middle ply (e.g. using honeycombs or
foams) and thus it is possible to obtain relatively light
combined sheets with high modulus of elasticity and
bending strength. However, this reduction of the
centre of sheets can result in problems concerning
the application of the sheets, e.g. in fixing fittings
(POLACIK 1979).

A dominant effect on properties of wood and
plywood sheets (modulus of elasticity in bending,
bending strength) is demonstrated by the angle of
fibre direction between particular plies, kind of an
adhesive and the proportion of a gluing mixture in-
cluding the impregnation of plies by the glue for the
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purpose of compression and density (the degree of
compression as compared with solid wood — P0zZGAJ
1993).

Considerable effects are also shown by: tree spe-
cies, wood quality, veneer thickness and the propor-
tion of an extender in a gluing mixture. The kind of
a glue then determines resistance to weather effects.
Taking into account factors mentioned above prop-
erties of solid wood can be even exceeded.

As compared with solid wood, obvious homogeni-
zation has been achieved because defective places
(knots, checks, etc.) are evenly distributed. A pos-
sibility to adapt anisotropy of plywood sheets to a
certain construction function by the selection of a
thickness profile is a great advantage of plywood
sheets which cannot be achieved by competitive
semi-finished products at all or only through a very
exacting adaptation of the production technology.
The producer of plywood sheets is, however, lim-
ited by directives on the permissible thickness of
particular veneers.

Properties of whole-beech plywood sheets are
the focus of great interest particularly in Ger-
many. These sheets show a broad use particularly
in furniture industry and in the construction of
vehicles. A standard DIN 68 705 Teil 5: Bau-
Furniersperrholz aus Buche prescribes minimum
values for bending strength according to par-
ticular classes of categorization, i.e. according to
a particular load. The standard also recommends
veneer thickness ranging from 1.5 to 3.2 mm
and prescribes the minimum number of veneers for
particular thickness of plywood sheets.

Bending load occurs in a number of technical ap-
plications of plywood sheets, e.g. floors of vehicles,
floors of podiums and exhibition areas, boards for
formwork etc. The perfect knowledge of required
values of bending strength for particular types of
use makes possible to create plywood sheets of an
optimum construction. Bending strength can be af-
fected by various ways, e.g. using veneers produced
from various tree species, by various thickness of
veneers, direction of fibres, etc.

MATERIAL AND METHODS

An analysis of the effect of production parameters
on changes in compressibility and physical and
mechanical properties was carried out on the set
of plywood whole-beech sheets of 1.5 mm veneer
thickness and 10 x 2,575 x 1,335 mm dimensions.
The plywood sheets were manufactured as seven-ply
and urea-formaldehyde resin DUKOL S was used for
their production.
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Table 1. Mean values of moisture (%), density (kg/m?), bending strength and MOE in bending (N/mm?) of analyzed plywood sheets Nos. 1-12

120

11 12

10

Plywood No.
Moisture

8.72
759.68

8.64
745.63

8.55
737.15

8.44
753.39

8.40
745.17

8.77
757.47

8.63
760.22

8.50
765.39

8.68
783.99

8.46
725.40

8.37
757.35

7.96
758.98

Density

Longitudinal specimens

98.28
8,928.57

109.83
8,835.12

93.33
8,870.74

98.01
9,112.83

85.32
9,338.45

86.19
8,993.06

91.85
8,889.50

94.44
8,985.91

89.02
9,447.27

91.48
8,657.52

85.91

8,139.34

96.33
9,695.86

Bending strength

MOE

Transverse specimens

57.32
4,433.05

58.39
4,373.19

61.21
4,304.85

49.83
4,174.12

53.37
4,243.96

51.44
4,077.59

55.50
4,870.09

56.06
4,195.86

52.67
4,339.20

54.66
4,198.07

51.03
3,970.18

51.85

4,339.45

Bending strength

MOE

In the first part of the paper, results were summarized concerning
thickness differences, extent of shrinkage, compressibility of veneers
and the second part of the paper dealt with physical and mechanical
properties of plywood sheets.

Within the study, twelve plywood sheets were pressed of a specific
thickness and thus also specific physical and mechanical properties.
The sheets were pressed using a pressure of 1.5 and 1.7 MPa. Deter-
mined values of particular properties were subsequently statistically
analyzed.

For the manufacture of experimental plywood sheets veneers were
selected according to a special methodology. This method of selec-
tion consisted in the measurement of values of thickness of particular
veneers in predetermined places. Thickness was measured of both
longitudinal and transverse veneers, namely in the same points. The
average thickness of every veneer was evaluated statistically. Results
were statistically classified from the smallest to the greatest average
thickness. Moreover, veneers were assembled so that a plywood
from the thinnest veneers to originate as the first one and in other
plywoods (with a higher serial number) veneers of higher thickness to
be gradually used. In these plywoods, thickness measurements were
then carried out. The aim of the veneer thickness measurement was
to determine effects of the various thickness of veneers on above-
mentioned properties of pressed plywood sheets.

Measurements of thickness were carried out partly in moist newly
peeled veneers and partly in veneers after drying. Within the study,
veneer shrinkage was also determined in the course of a technologi-
cal flow. Differences in the veneer thickness represent the tangential
shrinkage of beech wood. The thickness of a plywood sheet was
measured roughly 50 mm from edges. Five measuring points occur
in one long edge, other two points in the other edge, thus there are in
total seven measuring points (Fig. 1). The measurement was carried
out accurate to 1% of thickness, at least to 0.1 mm.

In measuring and determining properties of sheets, the following
CSN EN standards were followed:

— CSN EN 310. Boards of wood. Determination of the modulus
of elasticity in bending and bending strength (in Czech). Cesky
normalizaéni institut, 1995: 8.

— CSN EN 314-1. Plywood sheets. Quality of gluing. Part 1: Testing
methods (in Czech). Cesky normalizaéni institut, 1995: 12.

— CSNEN 314-2. Plywood sheets. Quality of gluing. Part 2: Require-
ments (in Czech). Cesky normalizaéni institut, 1995: 8.

— CSN EN 322. Boards of wood. Determination of moisture (in
Czech). Cesk)'f normaliza¢ni institut, 1993: 8.

— CSNEN 323. Boards of wood. Determination of density (in Czech).
Cesk)'l normalizaéni institut, 1994: 8.

— CSN EN 325. Boards of wood. Determination of dimensions of
specimens (in Czech). Cesky normalizaéni institut, 1995: 8.

— CSNEN 326-1. Boards of wood. Sampling, cutting and check. Part 1.
Sampling, cutting test specimens and interpretation of the test
results (in Czech). Cesky normaliza¢ni institut, 1997: 12.
Determination of bending strength and modulus of elasticity in

bending was carried out by means of a testing machine ZD 10/90,

manufacturer VEB TIR Rauenstein (Germany) with a measuring

range of 0-2-4-10-20-40-100 kN.

J. FOR. SCI,, 52, 2006 (3): 118-129



Fig. 1. Points of the measurement of

4} ‘» 744 e 1,087 veneer thickness
F ; ‘
7 6
o
L
n
o
EY
i
2 1 2 3 4 5
L fa5) 7 @ ® ©
1& o I k200
g et ] - 744 ——
- 1,288 =
. 2,575

RESULTS AND DISCUSSION
Moisture of plywood sheets

Determination of moisture was carried out for
the purpose of assessing plywood density because
moisture can affect values of density. Moisture was
monitored in twelve test specimens cut out from
each analyzed plywood sheet. Data obtained were
statistically processed (descriptive statistics). In Ta-
ble 1 and Fig. 2, mean values of measured data are
given for each plywood sheet.

The moisture of plywood sheets ranges from 7.96 to
8.77%. The smallest value was determined in ply-
wood No. 1 (7.96%) and the greatest in plywood
No. 7 (8.77%). The determined values of moisture
agree with requirements of a standard.

Density of plywood sheets

Density was monitored in ten test specimens cut
out from each of analyzed plywood sheets. Data

9.0
8.8+
8.6
8.4
8.2
8.0
7.8+
7.6
74

Moisture (%)

obtained were statistically analyzed and determined
mean values of moisture of particular plywood
sheets are given in Table 1.

The content of the adhesive dry matter in the
gluing mixture affects the plywood density. The
plywood density is also dependent on the pressing
power used. Higher pressure and smaller thick-
ness of veneers substantially affect the density of
plywood sheets. The smallest density was found in
plywood No. 3 (725.4 kg/m?®). It is the result of the
small thickness of particular veneers and low press-
ing power. In general, density corresponds with
determined moisture. According to Table 1 and
Fig. 2, plywood No. 1 shows the lowest moisture
(7.96%) as compared with other sheets its density
being 759.0 kg/m3. The great increase in density
in plywood No. 4 is also caused by the increase of
its moisture. The growing course of density in ply-
woods Nos. 10, 11 and 12 is also induced by their
growing moisture.

The density of a plywood sheet is related to its
thickness. With the decreasing thickness of a ply-

1 2 3 4 5 6 7 8 9

Plywood No.
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wood sheet its density increases. Fig. 4 shows the
relationship at a pressing power of 1.5 MPa and
Fig. 5 at a pressing power of 1.7 MPa.

Bending strength and modulus of elasticity in
bending

Mean values of bending strength and modulus of
elasticity in bending of analyzed plywood sheets Nos. 1
to 12 are given Table 1 and Figs. 6 to 9. Test specimens
are differentiated cut out from sheets corresponding
to the technological flow and across the technological
flow (longitudinal and transverse specimens).

Table 2. The strength of gluing plywood sheets

For both types of specimens minimum values are
required of the limiting bending strength, viz.:
— transverse type 5 N/mm?,

— longitudinal type 40 N/mm?.

In analyzed plywood sheets, these mean values of
bending strength were determined (Tables 3 and 5):
— transverse type 49.83-61.21 N/mm?,

— longitudinal type 85.32—109.83 N/mm?.

It follows that transverse specimens demonstrate as
many as 12-times higher values of bending strength
as compared with required values. In longitudinal
specimens, minimum required values of bending
strength are exceeded ca. 2 to 2.75-times.

Gluing strength in shear (N/mm?)

Arithmetic mean 2dply  4hoply  ehply  27ply  4afhply  efply  2nply  4fply  efply
Sheet 1 Sheet 2 Sheet 3

x 3.25 3.42 3.66 3.85 3.87 3.73 3.29 3.19 3.48
Sheet 14 Sheet 15 Sheet 16

x 3.24 3.16 3.04 3.61 3.40 3.87 341 3.63 3.26
Sheet 17 Sheet 18 Sheet 19

x 3.16 3.26 3.22 3.04 3.54 3.34 3.69 3.73 3.25
Sheet 110 Sheet 111 Sheet 112

x 3.29 3.86 2.95 3.52 3.20 3.53 3.47 3.33 3.23
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As for longitudinal specimens, the highest mean
bending strength is achieved by plywood No. 11,
namely 109.83 N/mm? The lowest mean bending
strength in longitudinal specimens is shown in ply-
wood No. 8, namely 85.32 N/mm?.

As for transverse specimens, the highest mean
bending strength is achieved by plywood No. 10,
namely 61.21 N/mm?. The lowest mean bending
strength in transverse specimens is shown in ply-
wood No. 9, namely 49.83 N/mm?.

As evident from Table 1, module of elasticity (MOE)
in bending in both types show different tendencies.

10,000 -
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8,500 |

8,000 |

MOE (N/mm?)

7,500

7,000

10 11 12
Fig. 6. Bending strength in plywood
sheets — longitudinal specimens

MOE in bending in transverse specimens grow with
increasing thickness of a plywood (i.e. with increas-
ing veneer thickness in a plywood). In longitudinal
specimens, MOE in bending decrease with increasing
thickness of a plywood. In longitudinal specimens,
MOE in bending ranged between 8,139.34 N/mm?
(plywood No. 2) and 9,695.86 N/mm?(plywood No.
1). In transverse specimens, the module ranged
between 3,970.18 N/mm? (plywood No. 2) and
4,870.09 N/mm? (plywood No. 6).

In all specimens, the determined bending strength
was higher than the lower limiting value of 40 N/mm?.

1 2 3 4 5 6 7 8 9

Plywood No.
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Fig. 7. MOE in bending of plywood sheets
— longitudinal specimens
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The smallest bending strength is demonstrated by
plywood No. 8 (85.32 N/mm?), the highest one by
plywood No. 11 (109.83 N/mm?).

In longitudinal specimens, MOE in bending does
not show an increasing trend. The course is unba-
lanced.

The smallest bending strength is demonstrated
by plywood No. 9 (49.83 N/mm?), the highest one
by plywood No. 10 (61.21 N/mm?). In all test speci-
mens, the determined values were above the mini-
mum required value of 40 N/mm?.

Similarly MOE in bending in transverse specimens
demonstrates nearly a constant course and only
in plywood No. 6, a higher value was found, viz.
4,870.09 N/mm?.

11 12

Fig. 9. MOE in bending — transverse
specimens

Fig. 10 shows the dependence of bending strength
on the plywood thickness for longitudinal speci-
mens. The figure indicates different behaviour of
both sets. The first set is the set of plywood sheets
pressed under the standard pressure of 1.5 MPa.
The second set of plywood sheets was pressed under
the higher working power of 1.7 MPa. In the set of
plywood sheets, the dependence of bending strength
on the plywood thickness demonstrates a decreasing
tendency. In sheets pressed under a standard pres-
sure, the dependence of bending strength on the
plywood thickness shows an increasing trend.

Fig. 11 depicts the dependence of MOE on the thick-
ness of plywood sheets in longitudinal specimens.
Both sets show nearly the same behaviour (the first one
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Fig. 10. Dependence of bending strength
on the plywood thickness — longitudinal
specimens
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pressed using a working power of 1.5 MPa, the second
one pressed using a working power of 1.7 MPa).

Fig. 12 depicts the dependence of bending strength
on the thickness of plywood for transverse speci-
mens. A higher increasing tendency is evident in the
set of plywoods pressed under a standard pressing
power. In the set of plywood sheets pressed under
an increased working pressure, higher mean values
of bending strength were achieved.

Fig. 13 depicts the dependence of MOE on the
thickness of plywood sheets in transverse specimens.
The higher increase in MOE values is visible in the
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5,000
4,000
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OPressure 1.7 MPa
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Fig. 12. Dependence of bending strength
on the plywood thickness — transverse
specimens

set of plywood sheets pressed under an increased
working pressure. In sheets pressed under a standard
pressure, the MOE trend is decreasing.

The strength of gluing plywood sheets

The strength of gluing plywood sheets Nos. 1-12
(shear strength) is given in Table 2 and Fig. 14. The
gluing strength was tested in specimens with sections
to the second, fourth and sixth veneers (plies).

The various thickness of veneers and pressed ply-
wood sheets does not effect the shear strength of

y =1,353.8x — 9,465

y =-23.318x + 4,434.9

9.8 9.9 10.0 10.1 10.2 10.3

Thickness (mm)

@ Pressure 1.5 MPa
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Fig. 13. Dependence of MOE on the ply-
wood thickness — transverse specimens
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gluing. Even under various production methods, i.e.
in using a lower pressing power (1.5 MPa) and an
increased pressing power (1.7 MPa), a substantial
effect on the behaviour of the sets did not occur.
Correlation coefficients in sets pressed using work-
ing powers 1.5 and 1.7 amounted to 0.12226 and
0.38106 (correlation between bending strength and
the sheet thickness). Thus, neither correlation value
is statistically significant.

SUMMARY

Different sets of plywood sheets of a specific
construction and thus also different physical and
mechanical properties were assessed. The thickness
of special-purpose veneers was measured in prede-
termined places and the veneers were sorted from
the lowest to the highest thickness. Sets of veneers
were composed in such a way that the first plywood
consisted of the thinnest and the last one from the
thickest veneers. Thus, the thickness variability of a
set originated which was subsequently analyzed.

Owing to the higher pressing power of 1.7 MPa,
the coeflicient of compressibility increased ranging
from 7.15 to 11.21% (see the 1% part of the paper,
Journal of Forest Science, 51, 2005, No. 9: 403—-411).
The thickness of particular veneers decreased by
0.112 to 0.186 mm.

The density of plywood sheets increased with the
increasing pressing power. Values of density ranged
between 725.4 and 784.0 kg/m? (Table 1).

Bending strength was studied in two types of test
specimens, viz. longitudinal and transverse. Ac-
cording to the CSN EN 310 operative standard, the
minimum value of bending strength amounting to
5 N/mm?is set for transverse bodies and for longi-
tudinal bodies 40 N/mm?. In analyzed specimens,
these minimum values were exceeded. In transverse
specimens, the mean bending strength ranged from
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49.8 to 61.2 N/mm? and in longitudinal specimens
from 85.32 to 109.83 N/mm?.

The highest mean value of MOE was determined
in plywood No. 1, viz. 9,695.86 N/mm?. The smallest
value of MOE was determined in plywood No. 2, viz.
8,139,34 N/mm®.

In transverse test specimens, the highest MOE value
was found in sheet No. 6, viz. 4,870.09 N/mm? and the
smallest one in sheet No. 2, viz. 3,970.18 N/mm?.

The bending strength in longitudinal specimens
pressed using a working power of 1.5 MPa showed
an increasing trend with the increasing thickness of
a plywood. For longitudinal specimens pressed us-
ing a working power of 1.7 MPa a decreasing trend
in strength was found with the increasing thickness
of a plywood sheet. Transversal types of specimens
pressed under 1.5 MPa showed the same behaviour
as sheets pressed under 1.7 MPa, i.e. demonstrated a
slightly increasing trend in bending strength.

Higher average values of bending strength were
achieved in plywood sheets pressed under 1.7 MPa
as against sheets pressed using a working power of
1.5 MPa.

The average shear strength (gluing strength) was
mostly higher than 3 N/mm? in the second, fourth
and sixth plies and thus, a requirement for the value
of a minimum shear strength was achieved in all
specimens. In specimens pressed using an increased
working power of 1.7 MPa, higher shear strength
was achieved. All analyzed plywood sheets fulfilled
required values of bending strength, MOE and shear
strength.

CONCLUSION

The paper summarizes results of an institutional
research in the field of evaluating and assessing
wood-based composite materials. The aim of then
paper was to analyze dimensional reduction of ve-
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neers in their manufacture and subsequently after
pressing to finished plywood sheets. Changes in
properties of veneers and plywoods were evaluated,
viz. thickness differences, shrinkage, moisture and
density in relation to changes of parameters during
production. In pressed plywood sheets following
parameter were studied: bending strength, MOE and
gluing strength by a shear test.

Assessing the properties of analyzed sets of ply-
wood sheets has proved that with decreasing the
thickness of veneers in a plywood sheet the coeffi-
cient of compressibility increases.

MOE and bending strength in plywood sheets are
decisively affected by the proportion of longitudinal
and transverse veneers in the sheet construction.
Through the combination of the veneers it is pos-
sible to produce sheets of required parameters. The
fact shows a critical importance for the economic
optimum use of wood in the construction of plywood
sheets. Plywood sheets pressed of veneers with nega-
tive thickness tolerance can bring a higher economic
effect caused by the application of a lower pressing
power. In consequence of the use a higher pressing
power of 1.7 MPa, it is possible to achieve higher
bending and shear strength but values required by a
standard can be also achieved using a lower pressing
power of 1.5 MPa.

Economic benefits can be achieved by the pro-
duction of sheets from the thinnest veneers.
The thickness of the thinnest sheet amounted to
10.16 mm (No. 1) and the thickness of a sheet with
the highest average thickness amounted to 10.39 mm
(No. 7). The sheet was pressed using a lower pressure
of 1.5 MPa. Sheet No. 1 was manufactured from ve-

neers of a mean thickness of 1.56 mm. In sheet No. 7,
the mean thickness of veneers amounted to 1.62 mm.
A difference in thickness between sheets 1 and 7
amounted to 0.06 mm. It means that 3.75% material
saving was achieved between the sheets.

Further research will be the follow-up of the paper.
The research will be aimed at the evaluation of using
other composite wood-based materials in relation to
physical and mechanical properties. An objective of
the study will be creation of the new construction of
a plied composite material with higher usable prop-
erties under conditions of minimized production
and material costs.
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Vliv tloustky loupanych dyh na vlastnosti pieklizovanych desek.
Cast 2. Fyzikalni a mechanické vlastnosti preklizovanych materiala
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ABSTRAKT: Clanek shrnuje vysledky institucionalniho vyzkumu zaméreného na stanoveni fyzikalnich a mecha-

nickych vlastnosti pieklizovanych materialti. Clanek navazuje na ¢ast 1. — Slisovatelnost preklizovanych materiald,

ve které bylo pojedndno o slisovatelnosti neboli zmenseni tloustky lisovanych preklizovanych desek. Posouzeni vlivu

tloustky a tloustkovych toleranci pouzitych dyh na hodnotu slisovatelnosti a fyzikalnich a mechanickych vlastnosti

preklizovanych desek v zévislosti na vyrobnich parametrech bylo provedeno na souboru preklizovanych desek celo-

bukovych o nomindlni tloustce dyh 1,5 mm. Pieklizované desky byly vyrobeny jako sedmivrstvé a k jejich vyrobé byla
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pouzita moc¢ovinoformaldehydova pryskyrice DUKOL S. Desky byly lisovany tlakem 1,5 a 1,7 MPa. Byly posuzovany

vlastnosti: vlhkost, hustota, pevnost v ohybu, modul pruznosti v ohybu a smykova pevnost (pevnost lepeni).

Klicova slova: preklizka; pevnost v ohybu; modul pruznosti v ohybu; pevnost ve smyku; vlhkost; dyha; statisticka

analyza

Preklizované desky jsou definovény jako desky se
slepenymi vrstvami, pricemz smér vldken soused-
nich vrstev je obvykle na sebe kolmy. Vnéjsi a vnitt-
ni vrstvy jsou vzhledem ke stfedni vrstvé na obou
strandch symetricky uspofdddny. Preklizované ma-
terialy se vyrabéji lisovanim takto vytvorenych sou-
bort dyh nanesenych syntetickou pryskyfici v hor-
kych lisech za spoluptsobeni tlaku.

Tloustka preklizky je rozmér urcujici pevnost ma-
teridlu. Délku a $itku preklizky lze v prabéhu reseni
konstrukce libovolné ménit (fezdnim, nastavova-
nim, specidlnimi spoji). Tloustka md na konstruk-
ci znac¢ny pevnostni vliv. Napriklad pii feseni pev-
nostnich vlastnosti staveb nebo konstrukei se resi
nejdrive tloustka desek a az potom ndrezové plany
nebo umisténi a tvar desek.

Ovlivnéni tloustky tedy znamend ovlivnéni fy-
zikdlnich a mechanickych vlastnosti desky a tak
i stavebni nebo jiné konstrukce.

Prace shrnuje vysledky institucionalniho vyzku-
mu v oblasti hodnoceni a posuzovani kompozitnich
materidla na bazi dreva. Cilem prace bylo provedeni
analyzy rozmérového zmenseni dyh pfi jejich vyro-
bé a nasledné po lisovani do hotovych preklizova-
nych desek. Byly hodnoceny zmény vlastnosti dyh
a preklizek — tloustkové rozdily, sesychdni, vlhkost
a hustota v zavislosti na zméndch parametra pfi vy-
robé. Na vylisovanych preklizovanych deskéch byla
zkoumadna pevnost v ohybu, MOE a pevnost lepeni
smykovou zkouskou.

V praci byly posuzovany rozdilné soubory prekli-
zovanych desek specifické konstrukce a tedy i od-
lisnych fyzikalnich a mechanickych vlastnosti.
Tloustka ucelové vyrobenych dyh byla méfena ve
stanovenych mistech a dyhy byly vytfidény pod-
le tloustky od nejnizsi po nejvyssi. Byly vytvoreny
soubory dyh tak, ze prvni preklizka sestdvala z nej-
tenc¢ich a posledni z nejsilnéjsich dyh. Vznikla tak
tloustkovd variabilita souboru, kterd byla nasledné
analyzovana.

V disledku pouzitého vétsiho lisovaciho tlaku
1,7 MPa doslo ke zvyseni koeficientu slisovatelnos-
ti, ktery se pohyboval od 7,15 do 11,21 % (viz 1. ¢ast
¢lanku, Journal of Forest Science, 51, ¢. 9: 403—-411).
Tloustka jednotlivych dyh se zmensila o 0,112 az
0,186 mm.
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Hustota preklizovanych desek se zvétsovala s ros-
toucim lisovacim tlakem. Hodnoty hustoty se po-
hybovaly od 725,4 do 784,0 kg/m?® (tab. 1). Pevnost
v ohybu byla sledovéna na dvou typech zkusebnich
téles — podélnych a pri¢nych. Podle platné CSN
EN 310 je stanovena pro pricnd télesa minimdlni
hodnota pevnosti v ohybu ve vy$i 5 N/mm? a pro
podéln4 télesa 40 N/mm?. U analyzovanych zkuseb-
nich téles byly tyto minimadlni hodnoty prekroceny.
U pricnych vzork bylo dosazeno prumérné pev-
nosti v ohybu od 49,8 do 61,2 N/mm? a u podélnych
od 85,32 do 109,83 N/mm?.

Nejvétsi pramérnd hodnota MOE byla stanovena
upreklizované desky¢. 1,atove vy3i9695,86 N/mm?.
Nejmensi hodnota MOE byla zjisténa u desky ¢. 2
— 8 139,34 N/mm?.

U pri¢nych zku$ebnich vzorkt vykazala nejvétsi
hodnotu MOE preklizovana deska ¢. 6 — 4 870,09 N
na mm? a nejmensi deska ¢. 2 — 3 970,18 N/mm?.

Pevnost v ohybu podélnych zkusebnich vzorkd
lisovanych tlakem 1,5 MPa vykazovala s rostou-
ci tloustkou preklizky rostouci trend. Pro podélné
vzorky lisované tlakem 1,7 MPa byl zjistén klesaji-
ci trend pevnosti s rostouci tloustkou preklizované
desky. Pri¢né typy zkusebnich vzorki lisované tla-
kem 1,5 MPa se chovaly stejné jako desky lisované
zvy$enym tlakem 1,7 MPa - vykazovaly mirné ros-
touci trend pevnosti v ohybu. Byly dosazeny vyssi
primérné hodnoty pevnosti v ohybu preklizova-
nych desek lisovanych tlakem 1,7 MPa oproti des-
kam lisovanym tlakem 1,5 MPa.

Zjisténd pramérna pevnost ve smyku (pevnost le-
peni) byla v drtivé vétsiné ve druhé, ¢tvrté a Sesté
vrstvé vy$$i nez 3 N/mm? tedy u viech vzorki bylo
dosazeno splnéni pozadavkd na hodnotu minimalni
smykové pevnosti. U vzorka lisovanych zvy$enym
lisovacim tlakem 1,7 MPa bylo dosaZzeno vyssi pev-
nosti ve smyku. VSechny analyzované preklizované
desky splnily pozadované hodnoty pevnosti v ohy-
bu, MOE a smykové pevnosti.

Posouzeni vlastnosti analyzovanych soubora pre-
klizovanych desek potvrdilo, Ze se zmensovanim
tloustky dyh v preklizované desce dochazi ke zvyse-
ni koeficientu slisovatelnosti.

MOE a pevnost v ohybu preklizovanych desek
jsou rozhodujicim zptsobem ovliviiovany podily
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podélnych a pri¢nych dyh v konstrukci desky. Kom-
binaci téchto dyh lze vytvorit preklizku pozadova-
nych parametri. Tento fakt md rozhodujici vyznam
pro ekonomicky optimalni vyuziti dfevni suroviny
pri konstrukci preklizovanych desek.

Preklizované desky lisované z dyh se zapornou
tloustkovou toleranci mohou prinést vyssi ekono-
micky efekt zndsobeny aplikovdnim nizsiho lisova-
ciho tlaku. V dtsledku pouziti vyssiho lisovaciho
tlaku 1,7 MPa se sice dosdhne vys$si pevnosti v ohy-
bu a ve smyku, ale normou pozadovanych hodnot
bylo docileno i pfi pouziti nizsiho lisovaciho tlaku
1,5 MPa.

Ekonomického prinosu lze docilit vyrobou pre-
klizovanych desek z nejtencich dyh. Tloustka nej-

tenci desky cinila 10,16 mm (¢. 1) a tloustka des-
ky s nejvétsi pramérnou tloustkou byla 10,39 mm
(¢.7). Tato deskabylalisovdnaniz$imtlakem 1,5 MPa.
Deska ¢. 1 byla vyrobena z dyh prameérné tloust-
ky 1,56 mm. U desky ¢. 7 ¢inila pramérnd tloustka
dyhy 1,62 mm. Rozdil v tloustce mezi deskami ¢. 1
a ¢. 7 ¢inil 0,06 mm. Znamena to, Ze mezi nimi bylo
dosazeno 3,75 % uspory materialu.

Na vysledky prace bude navazovat dalsi vyzkum,
jehoz ndplni bude posouzeni pouzitelnosti jinych
kompozitnich materidld na bazi dfeva ve vztahu
k fyzikdlnim a mechanickym vlastnostem. Cilem
bude vytvoreni nové konstrukce vrstveného kompo-
zitniho materidlu s vy$simi uzitnymi vlastnostmi pfi
minimalizaci vyrobnich a materidlovych nakladi.
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