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Assessing the bending strength and modulus of elasticity
in bending of exterior foiled plywoods in relation
to their construction
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ABSTRACT: The paper summarizes results of an institutional research aimed at assessing the bending strength and
modulus of elasticity in bending of exterior foiled combined and all-beech plywoods in relation to their construction.
A relationship was studied of the plywood construction and selected physical and mechanical properties. In studied
sheets, moisture, density, bending strength and modulus of elasticity were analysed along and across the grain of the
upper veneer. All measurements were carried out in water-resistant plywoods with surface treatment with a phe-
nolformaldehyde foil 8, 10, 12 and 15 mm thick in combined plywoods and 10, 12, 15 and 18 mm thick in all-beech
plywoods. The construction of plywoods significantly influences their quality that is determined particularly by the
bending strength and modulus of elasticity. Using regression analysis relationships were demonstrated particularly that
with the increasing moisture content of plywoods the bending strength decreased and with the increasing density the
bending strength and modulus of elasticity increased. The same trend was also proved in connection with the increas-
ing number of veneers of plywood sheets. Using correlation analysis, combinations of interrelationships of the given
properties were statistically tested.

Keywords: plywood; density; surface density; moisture; thickness; bending strength; modulus of elasticity in bending;

veneer; statistical analysis

Plywood sheets are defined as sheets with mutual-
ly glued plies, the direction of fibres of neighbouring
plies being perpendicular to each other. In general,
outside and inside plies on both sides are symmetri-
cal with respect to the core (or central ply).

The manufacture of plywood sheets belongs to the
youngest branches of the wood-processing industry.
Plywood sheets have occupied one of the leading
places on the market of large-area materials. They
are used in many sectors of human activities, e.g. in
engineering, textile industry, furniture manufacture,
transport, industrial and building production, etc.

Plywood materials, together with agglomerated
materials are ranked among large-area materials.
They are manufactured by hot-pressing the sets
of veneers spread with a synthetic adhesive under
interaction of pressure.

As against agglomerated materials, i.e. particle-
boards and fibreboards, they show certain advan-
tages. They are substantially lighter (showing lower
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density) and demonstrate higher values of particular
mechanical and physical properties. Their main ad-
vantage is that they maintain an appearance of natu-
ral wood. Plywood sheets can also be manufactured
as formed moulded articles. In general, their coating
(surface finish) is simple. According to the purpose
of use, plywood sheets can be manufactured as ex-
terior (water-resistant) plywoods by adding special
types of synthetic adhesives or using special foils.
Plywood sheets show, however, the greatest use in
furniture industry (non-water-resistant plywoods).
In building industry, however, exterior water-re-
sistant plywood sheets are used. Building industry
uses plywood sheets also for the construction and
manufacture of floors, plywood lining, structural
walls, laminated constructions, etc. As for trans-
port, plywood sheets are used in the manufacture of
railway cars, buses, trams, lorries, ships, etc.
Plywood sheets are categorised according to the
construction to plywoods (joinery, building, pack-
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aging, aircraft, laminated wood), core boards (lam-
inboards, blockboards, battenboards, veneered
boards), sandwich boards (honey-comb panels) and
also according to the form (flat and shaped).

Another categorisation of plywood sheets can be
made according to main qualitative parameters, i.e.
according to service life (for use in outdoor condi-
tions and in the interior dry environment), mechani-
cal properties, surface appearance, surface treatment
(sanded, non-sanded, surface treated, coated).

The plywood sheet quality is assessed according
to many criteria and characteristics. Generally, it is
possible to state that plywood sheets are classified
according to particular standards. They have to meet
requirements for size accuracy (sizes and dimension
stock), gluing quality, external qualitative param-
eters, physical and mechanical properties, special
requirements of customers (decreased release of
formaldehyde, increased fire resistance, mould,
fungi and insect resistance).

Bending strength and modulus of elasticity (MOE)
in bending of plywood materials are affected by a
number of factors, viz. tree species, tree quality, wood
moisture, wood density, wood structure, temperature,
number of plies, adhesive, and permanent load.

Effects of wood moisture

The moisture content of veneers used for the
production of plywood sheets ranges between 4 and
10%. Strength and elastic properties of wood and
wood-based materials are dependent on the mois-
ture content up to the fibre-saturation point. Above
the point, the properties do not change any more.
Within the moisture range of 8 to 18%, changes in
properties of wood and plywood sheets are most
intensive being linear. With the moisture change
by 1% (at a range of 5-30%) the bending strength is
changed by 4% and MOE by 1% (STELLER 1978).

Effects of density

With the increasing density, MOE in bending and
bending strength increase. The relation is expressed
linearly. The relationship between density and me-
chanical properties of wood is more complicated
because wood strength is dependent not only on
its density but also on its anatomical structure.
Effects of density are most shown in dry wood be-
ing inexpressive at the moisture content above the
hygroscopicity point (STELLER 1967).

Effects of temperature

With the increasing temperature MOE in bending
and bending strength decrease. Effects of a tem-
perature on mechanical properties change with the
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moisture content. Interactions of temperature and
wood moisture are markedly manifested at 60-90°C.
With the increasing temperature and moisture con-
tent wood strength markedly decreases. Simultane-
ous effects of both the factors decrease the wood
strength more than separate effects of each of the
factors (MATOVIC 1993).

Effects of permanent load

In practice, except short-term load timber struc-
tures are stressed also by permanent load. Un-
der long-term load, wood deformation occurs
(KoZeLouH 1998). With a longer period of load
the values characterising wood strength decrease.
Therefore, under conditions of permanent load the
results from short-term static loads cannot be used.
Long-term behaviour of plywoods is based on wood
quality, course of load, wood moisture and wood
temperature. Therefore, it is necessary to take into
account a reduction of the bending MOE value for
permanent load by a certain value, viz.:

— for long-term load operating more than 1 year:
0.7-0.4

— for medium-term load operating less than 1 year:
0.8-0.6

— for short-term load operating less than 1 week:
1.0-0.7.

Effects of the number of plies

In bending load, a decisive role is played by the
geometrical arrangement of particular plies. Prop-
erties of particular plies and their proportion in the
total thickness of a sheet are a cardinal parameter.
In elements subject to bending load, it is possible
to carry out the extreme reduction of a central ply
(e.g. using the honeycomb structure or foams) and
thus to obtain relatively light combined boards with
the high modulus of elasticity and bending strength.
The reduction of central plies can, however, cause
problems in the application of the boards, e.g. in
mounting fittings (BALDWIN 1973).

Effects of structure

The fibre direction angle between particular plies,
type of adhesive and the proportion of a gluing
mixture including the impregnation of plies with
an adhesive to increase densification and also wood
density (the degree of densification as compared with
solid wood — PozaGAj et al. 1993) show dominant ef-
fects on the properties of wood and plywood sheets
(MOE in bending, bending strength). The following
factors exert considerable effects: tree species, wood
quality, veneer thickness and the proportion of an
extender in the gluing mixture. The type of adhesive
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determines resistance to weather effects. Taking
into account particular factors mentioned above the
properties of solid wood can be even exceeded. As
compared with solid wood marked homogenisation
can be achieved because defective spots (knots, splits,
etc.) are evenly distributed. A possibility to adapt the
anisotropy of plywood sheets to a certain construc-
tional function by the choice of the thickness profile
appears to be a great advantage of plywood sheets
that cannot be achieved by competitive semifinished
products at all or only by a very difficult adaptation
of production technology. The producer of plywood
sheets is, however, limited by regulations on the
admissible thickness of particular veneers. Relation-
ships between the sheet construction and elastic
and strength properties make it possible to calculate
elastomechanical properties (when the sheet con-
struction is known) or under requirements for certain
elastomechanical properties to find out the sheet
construction that can fulfil the requirements.

Present trends in veneer and plywood production
are characterised by the fact that production has been
transferred into regions with cheap working sources
and inexpensive labour. Asia has accounted for the
largest proportion since 1991. In 2000, it was already
48% of the world production of plywoods. The second
largest producer of plywoods is North America with
34% market share. Europe occupies the third position
with only 10% of the world production.

In many regions, plywood production is oriented
to various special products the purpose of which is
to substitute solid wood in other technologies or
other kinds of materials, for example metals and

fibreboards. These cheaper materials lead to a de-
creased use of plywoods in standard technologies,
e.g. in the manufacture of furniture and wooden
constructions, which naturally results in the stagna-
tion of plywood sheet production.

Fig. 1 depicts the situation of the production, ex-
ports and imports of plywoods in the CR. The figure
indicates the stagnation of plywood production due
to the high volume of imports of cheaper plywood
sheets from Asia, Brazil, etc. The increasing export
of plywoods from the Czech Republic accounted,
however, for only 2.3% from the total volume of
exports of wood products in 2000. Sawn timber
with its volume of 1,701,000 m?3 shows the largest
proportion in exports from the CR.

The aim of the paper was to assess the bending
strength and modulus of elasticity of exterior foiled
plywoods in relation to their construction.

Mechanical loading means the process when
interactions occur between mechanical forces and
other loading factors in wood. Temporary or per-
manent changes in the body form are a result of the
process.

According to physical nature, loading of wood or
wood-based materials is divided into mechanical,
moisture, thermal and other types of loading.

During the action of an external force on a body a
stress (0) occurs in the body. The stress is defined as
the size of an internal force related to the unit area.
If forces act perpendicularly to the body surface,
it is normal stress. It is calculated according to the
following relation:

. . . . F
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natural wood is also of great importance.
Another effect influencing the plywood produc-  where: F — the force uniformly acting on the body surface
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If forces act parallelly to the body surface, they
cause so-called shear stress (t). It is calculated ac-
cording to the following relation:

F
T=——0r-
S
where: F — the force uniformly acting on the body surface

(N),
S - the body surface (mm?).

Normal and shear stress is expressed in N/mm?.

Because of the effect of external forces, changes in
the body size, volume or shift in dimensions occur
and thus also the partial change in the body form.
These changes are called deformations.

Wood or more accurately the basis of its cell
walls represents in principle a complex of natural
polymers with long chain molecules. The structure
of polymers determines the nature of their behav-
iour under loading. If external forces act on the
polymers, the following three types of deformations
can occur:

— immediate elastic deformation (sp) — caused by
reversible changes in average distances between
chain molecules of polymers (it occurs immedi-
ately during the action of the force and after its
relaxation it promptly disappears);

— elastic deformation developing with time (e,
— sometimes called elastic deformation con-
nected with the reversible rearrangement of par-
ticles of chain molecules (it increases gradually
with time and disappears after some time after
relaxation);

— plastic (irreversible) deformation (spl) — caused
by intermixing the chain molecules. It remains
after the acting force was relaxed (it is also called
residual deformation, permanent deformation).
In wood, deformations caused by changes in the

moisture content occur very often. Wood obtains

various dimensions thereby being deformed. Swell-
ing represents elastic deformations. As soon as
wood changes its dimensions and shape, internal
forces have to originate in the wood causing stress

(moisture stress). After the removal of water from

the wood structure the wood obtains its original

dimensions and deformations disappear.

Relationships between stress and deformation
provide very useful information for the development
of production of construction materials of wood.
These relationships are of great importance mainly
in determining parameters for plywood pressing,
laminated densified wood, particleboards, etc.

Characteristics of failures in bending stress are
various. They are primarily dependent on the geom-
etry of shape, wood structure and effects of external
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Fig. 2. Failure in the central ply caused by the effect of shear
stress
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Fig. 3. Failure caused by the fibre rupture in the tensile zone

Fig. 4. Failure — a blunt fracture along the height of the body

gﬁ

Fig. 5. Fibrous failure along the height of the body

forces. Several basic characteristics of failures are
distinguished (Figs. 2-5).

MATERIAL AND METHODS

Tests were carried out on foiled exterior plywood
sheets of two types of construction with slip-resist-
ant (skidproof) treatment.

The construction of combined plywood sheets
is given in Table 1 and that of all-beech plywood
sheets in Table 2.

In both types of plywood sheet construction,
producers give the surface density of surface foils
167 g/m?, gluing class 3 according to CSN EN 314-
2 (49 0173) standard, i.e. complying with AW 100
test and formaldehyde emission class A according
to CSN EN 1084 (49 2407) standard.

According to EN 326-1 and EN 325 standards,
plans of plywood cutting were prepared. An exam-
ple of the plan for plywoods 15 mm thick is depicted
in Fig. 6. The number of samples used for the tests
is given in Table 3.

Particular physical and mechanical properties of
plywood sheets were determined according to the
following standards:

— CSN EN 310 Determination of modulus of elastic-
ity in bending and bending strength

— CSN EN 322 Boards of wood — Determination of
moisture

— CSN EN 323 Boards of wood — Determination of
density
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Table 1. Construction of exterior plywoods — combined plywoods

Plywood thickness Number of plies Construction
8 5 1.5-26-15-26-15
10 7 15-18-15-18-15-18-15
12 7 15-26-15-26-15-26-15
15 7 15-35-15-35-15-35-15
18 9 15-35-15-35-15-35-15-35-15

Veneer thickness 1.5 mm — beech

other veneer thickness — coniferous species

Table 2. Construction of exterior plywoods — all-beech plywoods

Plywood thickness Number of plies Veneer thickness of all plies (mm)
10 7 1.5
12 9 1.5
15 11 1.5
18 13 1.5

Table 3. Number of samples for particular tests from one plywood sheet

Sample designation Type of the test Number of samples
A Moisture combined 4/all-beech 8
B Density 16
C Density profile 6
D Modulus of elasticity and bending strength 8
E Wettability 12
F Dimension change 4
Ba :" L= - J — CSN EN 325 Determination of dimensions of
i E & B I:Iﬂ. \ §ample pieces
1, o TG | — CSN-EN 326 -1 Boards of wood. Sampling, cutting
; £ i il and control. Part 1: Sampling, cutting test pieces
2l I ) " / and expressing the test results.
':_L Ao, o, = | Normality of sets was verified using Shapiro-
H : 1
Es L gl & Wilkov’s test. Subsequently, single-factor analysis
[} " : of variance was carried out; to assess the interre-
E S o : lations of sets correlation and regression analysis
- B, B A, d
el was used.
B, o i J
- B. O | RESULTS AND DISCUSSION
B. !
| A bl & £
—1 B F o Rl Moisture

Fig. 6. Plan of cutting for a plywood 15 mm thick
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Results of moisture measurements with basic
statistic characteristics of combined and all-beech
plywoods are given in Table 4.
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Table 4. Moisture content of combined and all-beech plywoods

Statistic Combined All-beech
value 8 10 12 15 18 10 12 15 18
n 8 8 8 8 8 8 8 8 8
X 9.16 8.74 9.68 9.24 9.22 9.78 10.04 10.41 10.18
S 0.76 0.34 0.50 0.13 0.29 0.42 1.599 0.519 0.389
V(%) 8.31 3.84 5.20 1.41 3.12 4.30 15.93 4.986 3.824
Min. 8.62 8.36 8.89 9.07 8.86 9.16 6.393 9.707 9.614
Max. 10.66 9.45 10.42 9.43 9.65 10.49 11.49 11.16 10.75
Table 5. Modulus of elasticity and bending strength of combined plywoods along the grain (n = 16)
Statistic value (N/flmz) (N/{S”mZ) (mem) (l<g7m3) Surf(all;e/i?)mty Th(lril;ri;ess
Foiled exterior combined plywood 8 mm thick
x 15,269.08 78.65 3.99 653.81 5.61 8.55
S 1,055.44 4.04 0.40 16.03 0.10 0.08
V(%) 6.91 5.13 10.15 2.45 1.86 0.98
Min. 13,748.53 73.38 3.41 630.93 5.46 8.43
Max. 17,179.38 86.78 4.44 686.45 5.81 8.68
Foiled exterior combined plywood 10 mm thick
x 18,519.16 79.90 3.71 10.06 700.52 7.05
S 1,460.38 12.11 0.63 0.10 19.91 0.16
V(%) 7.89 15.16 16.85 0.96 2.84 2.25
Min. 15,714.52 51.84 2.40 9.89 671.02 6.79
Max. 22,411.49 95.16 4.86 10.24 73491 7.36
Foiled exterior combined plywood 12 mm thick
x 12,952.38 54.00 4.42 618.62 7.62 12.33
S 1,718.84 8.93 1.02 10.09 0.13 0.25
V(%) 13.27 16.53 23.04 1.63 1.73 2.00
Min. 10,821.82 35.41 2.62 601.17 7.41 11.97
Max. 17,116.31 62.11 6.57 635.43 7.89 12.87
Foiled exterior combined plywood 15 mm thick
x 14,497 .44 68.41 7.03 653.45 9.74 14.90
S 713.07 5.18 0.83 9.50 0.18 0.12
V(%) 4.92 7.57 11.86 1.45 1.80 0.79
Min. 12,991.38 61.54 4.55 636.66 9.40 14.73
Max. 16,178.63 76.90 8.03 664.53 10.00 15.06
Foiled exterior combined plywood 18 mm thick
x 12,634.15 58.93 7.96 651.85 11.97 18.36
S 578.67 3.36 0.38 22.10 0.41 0.16
V(%) 4.58 5.71 4.81 3.39 3.42 0.87
Min. 11,418.18 51.76 7.38 620.45 11.39 18.21
Max. 13,923.20 63.81 8.59 726.75 13.31 18.85
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Table 6. Correlation analysis of combined plywoods along the grain

Correlations (bending strength)*

Correlations (bending strength)*

Variable
p surface density thickness p surface density thickness
8 mm thick 15 mm thick
—-0.1897 -0.1759 0.3359 —0.0908 —0.1449 0.1627
£ p=0482 p =0.515 p =0.203 p=0.738 p =0.592 p = 0.547
—-0.1699 0.0156 0.2879 —-0.1154 —-0.3785 —-0.6528
I p =0.529 p =0.954 p =0.280 p =0.670 p =0.148 p =0.006
0.3895 0.1720 0.3166 0.3288 0.2262 —-0.0903
) p=0.136 p =0.524 p=0232 p=0214 p = 0.400 p=0.739
10 mm thick 18 mm thick
0.1263 0.0194 —-0.3291 0.2303 0.3728 0.5714
g p =0.641 p =0943 p=0213 p=0391 p =0.155 p=0.021
—-0.1045 —-0.1807 —-0.1177 0.3486 0.3568 0.0436
S p =0.700 p =0.503 p = 0.664 p=0.186 p=0.175 p=0.872
—0.0861 —0.0649 0.0967 0.3409 0.2078 -0.5114
) p=0.751 p=0811 p=0722 p=0.196 p = 0.440 p=0.043
12 mm thick
0.0204 0.1923 0.1469
£ p =0.940 p =0476 p =0.587
0.1107 -0.0575 —-0.1341
Ton
p =0.683 p =0.833 p =0.620
0.0991 0.0698 —-0.0156
) p=0715 p=0.797 p = 0.954

*Marked correlations are significant at p < 0.050; n = 16 (casewise deletion of missing data

Density, strength and modulus of elasticity
of plywood sheets

Results of measurements with basic statistic
characteristics of density, strength and MOE of
combined and all-beech plywoods and results of
correlation analysis are given in Tables 4—12. Ta-
ble 12 is an aggregate table of bending strength and
MOE in bending for combined plywoods, Table 13
gives results of the respective correlation analysis.
Table 14 is an aggregate table of bending strength
and MOE in bending for all-beech plywoods,
Table 15 gives results of the respective correlation
analysis. Table 16 gives results of correlation analy-
sis for combined and all-beech plywoods. Important
relationships are represented in italics. Negative
correlation coefficient expresses negative depend-
ence. The value of p given in tables under correlation
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coefficients expresses probability of the occurrence
of a studied phenomenon in the basic set.

Figs. 7-9 show dependences of MOE in bending,
bending strength and relative deformation on the
sheet thickness in combined plywoods. In Figs. 10
to 12, dependences are given of MOE in bending,
bending strength and relative deformation on the
sheet density in combined plywoods, in Figs. 13-15
dependences are depicted of MOE in bending,
bending strength and relative deformation on the
number of plies in combined plywoods. Figs. 16—18
illustrate dependences of MOE in bending, bend-
ing strength and relative deformation on the sheet
thickness in all-beech plywoods. In Figs. 19-21,
dependences are depicted of MOE in bending, bend-
ing strength and relative deformation on the sheet
density in all-beech plywoods. Figs. 22—24 show
dependences of MOE in bending, bending strength
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Table 7. Modulus of elasticity and bending strength of combined plywoods across the grain (n = 16)

Statistic value E S p Surface density Thickness
(N/mm?) (N/mm?) (mm) (kg/m3) (kg/m?) (mm)
Foiled exterior combined plywood 8 mm thick
x 9,368.89 44.26 3.16 647.42 5.58 8.59
S 952.68 4.55 0.51 24.43 0.22 0.09
V(%) 10.17 10.27 16.27 3.77 3.93 0.99
Min. 7,781.09 32.02 2.25 618.65 5.29 8.43
Max. 11,574.08 53.60 4.09 704.99 6.07 8.74
Foiled exterior combined plywood 10 mm thick
x 9,683.37 43.01 4.01 10.01 703.79 7.05
S 892.86 8.54 1.08 0.07 15.58 0.14
V(%) 9.22 19.85 27.07 0.74 2.21 1.98
Min. 7,779.00 24.69 2.18 9.89 669.08 6.67
Max. 11,185.21 56.91 6.22 10.17 735.16 7.29
Foiled exterior combined plywood 12 mm thick
x 11,281.88 43.69 3.81 619.69 7.61 12.27
S 1,000.96 7.16 1.08 20.16 0.27 0.18
V(%) 8.87 16.40 28.26 3.25 3.61 1.44
Min. 9,786.09 31.30 2.45 593.77 7.13 12.00
Max. 12,925.91 56.54 6.04 658.97 8.09 12.62
Foiled exterior combined plywood 15 mm thick
x 14,435.53 61.09 6.08 656.75 9.81 14.94
S 1,471.21 9.85 1.22 14.14 0.22 0.10
V(%) 10.19 16.12 20.06 2.15 2.26 0.70
Min. 11,343.94 34.35 3.31 631.01 9.40 14.71
Max. 16,562.53 75.54 7.89 690.59 10.35 15.12
Foiled exterior combined plywood 18 mm thick
x 17,381.69 62.78 6.10 651.25 11.97 18.38
S 811.79 12.30 2.01 18.16 0.29 0.11
V(%) 4.67 19.59 32.95 2.79 2.46 0.62
Min. 15,766.15 37.08 3.20 628.95 11.58 18.11
Max. 18,699.65 78.33 9.54 690.71 12.51 18.54

and relative deformation on the number of plies in
all-beech plywoods.

Fractures of plywoods
The bending tests have demonstrated that both

combined and all-beech plywoods of all thicknesses
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comply with minimum strength values given by DIN
68 705 Teil 3 standard.

In the bending tests, failures occurred mostly in
surface layers of the tensile zone (Figs. 28-29) or
along the whole thickness of a specimen (Figs. 25
to 27). In combined plywoods 18 mm thick, 75% of
failures occurred in the central layer during bending
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Table 8. Correlation analysis of combined plywoods across the grain

Correlations (bending strength)*

Variable
p surface density thickness p surface density thickness
8 mm thick 15 mm thick
E —-0.0833 —-0.0244 0.2610 0.4749 0.4738 0.0725
p=0.759 p=0.929 p=0.329 p =0.063 p = 0.064 p =0.790
o —-0.0609 -0.0283 0.1397 0.4300 0.2625 —-0.4790
p=0.823 p=0917 p = 0.606 p =0.096 p=0326 p = 0.060
€ -0.3277 —-0.3830 -0.1519 0.2032 0.1230 -0.2301
p=0215 p=0.143 p=0.574 p = 0.450 p = 0.650 p=0.391
10 mm thick 18 mm thick
E -0.0114 —-0.1524 —-0.3812 0.5549 0.5834 —-0.1658
p =0.967 p=0573 p=0.145 p=0.026 p=0.018 p=0539
. —-0.1036 -0.2099 —-0.2542 0.6011 0.6223 —-0.2158
p=0.702 p=0435 p=0.342 p=0014 p =0.010 p=0422
€ —-0.0592 -0.1259 -0.1607 0.3816 0.4199 —-0.0415
p=0.828 p=0.642 p=0.552 p=0.145 p =0.105 p=0.879
12 mm thick
E 0.0558 —-0.0257 —-0.1768
p=0.837 p=0.925 p=0513
. 0.2155 0.1826 -0.0125
p=0.423 p =0.498 p=0.963
€ 0.5062 0.5054 0.1307
p =0.045 p =0.046 p =0.629

*Marked correlations are significant at p < 0.050; n = 16 (casewise deletion of missing data)

in cross direction. The failures occurred as a result
of surmounting the central veneer shear strength
(Fig. 30). Fig. 31 depicts failures in the central zone
due to the central veneer defect.

The results of correlation and regression analysis
for particular thicknesses and directions of the act-
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zZ —=
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Fig. 7. Dependence of modulus of elasticity on the sheet thick-

ness in combined plywoods
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ing force as related to density, surface density and
thickness proved the relationships only in a small
number of measurements.

Correlation analysis has demonstrated more re-
lationships in aggregate sets for particular types of
plywoods (Tabs. 13 and 14). Table 13 demonstrates

90 - along
80 - — — across
NE |
E 70
Z 60 - -
5 7
= 50 - e
—_——— 7
40 T T T T T T 1
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Board thickness (mm)

Fig. 8. Dependence of bending strength on the sheet thickness

in combined plywoods
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Table 9. Modulus of elasticity and bending strength of all-beech plywoods along the grain (n = 8)

Statistic value E . € p Surface density Thickness
(N/mm?) (N/mm?) (mm) (kg/m3) (kg/m?) (mm)

Foiled exterior all-beech plywood 10 mm thick
x 21,856.08 95.23 4.04 824.87 8.12 9.84
S 1,577.29 7.68 0.35 20.80 0.19 0.04
V(%) 7.22 8.07 8.67 2.52 2.33 0.36
Min. 19,536.39 86.12 3.56 785.38 7.75 9.78
Max. 23,919.32 106.12 4.60 847.27 8.35 9.88
Foiled exterior all-beech plywood 12 mm thick
x 18,456.72 75.81 5.11 695.83 8.48 12.18
S 1,546.69 6.60 0.80 9.49 0.14 0.06
V(%) 8.38 8.71 15.58 1.36 1.67 0.53
Min. 17,195.19 67.19 4.18 681.37 8.29 12.08
Max. 22,083.32 84.92 6.31 707.63 8.68 12.28
Foiled exterior all-beech plywood 15 mm thick
x 21,968.82 86.74 5.68 753.25 11.53 15.30
S 611.09 4.00 0.37 12.32 0.15 0.12
V(%) 2.78 4.61 6.59 1.64 1.26 0.81
Min. 21,045.54 79.01 5.06 728.59 11.26 15.10
Max. 22,646.43 92.38 6.24 769.71 11.69 15.46
Foiled exterior all-beech plywood 18 mm thick
x 21,015.43 78.07 5.96 742.48 13.55 18.25
S 785.73 8.34 0.97 9.34 0.06 0.24
V(%) 3.74 10.68 16.28 1.26 0.44 1.31
Min. 19,957.49 59.21 4.12 732.56 13.48 17.94
Max. 22,531.44 87.61 7.27 755.90 13.63 18.60

9 -

g along 25,000 along y = 69.85x — 31,027

7 — —  across —~ 20000 — — across R?=0.7758

--- -
£ 5. S 15,000 1 /_:.{’
: - ~ 10,000 ~ *  y=-25953x + 29,448
2 , , , , , , , 5,000 ; ; —&*=0.0509
6 8 10 12 14 16 18 20 600 620 640 660 680 700 720
Board thickness (mm) o (kg/m’)

Fig. 9. Dependence of relative deformation on the sheet thick-

ness in combined plywoods
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Table 10. Modulus of elasticity and bending strength of all-beech plywoods across the grain (n = 8)

Statistic value E . p Surface density Thickness
(N/mm?) (N/mm?) (mm) (kg/m3) (kg/m?2) (mm)
Foiled exterior all-beech plywood 10 mm thick
x 12,493.68 77.50 6.30 806.96 8.03 9.95
S 400.35 1.70 0.46 11.37 0.08 0.06
V(%) 3.20 2.20 7.32 1.41 1.01 0.65
Min. 12,128.64 75.23 5.63 790.09 7.90 9.83
Max. 13,212.22 80.54 6.95 822.98 8.15 10.02
Foiled exterior all-beech plywood 12 mm thick
x 9,774.69 55.68 7.39 669.55 8.15 12.18
S 504.82 3.60 1.17 113.00 1.38 0.08
V(%) 5.16 6.47 15.78 16.88 16.94 0.62
Min. 8,751.38 51.15 5.88 391.33 4.75 12.01
Max. 10,212.80 61.65 9.12 721.27 8.79 12.25
Foiled exterior all-beech plywood 15 mm thick
x 14,053.18 70.71 8.18 751.23 11.60 15.44
S 612.86 1.43 0.31 1591 0.41 0.24
V(%) 4.36 2.03 3.79 2.12 3.50 1.53
Min. 13,247.14 68.52 7.88 719.09 10.87 15.12
Max. 15,082.34 73.03 8.65 765.94 12.03 15.79
Foiled exterior all-beech plywood 18 mm thick
x 13,774.44 65.62 9.48 747.97 13.57 18.15
S 1,027.94 7.43 1.95 13.87 0.23 0.09
V(%) 7.46 11.32 20.59 1.85 1.73 0.52
Min. 11,493.28 51.16 6.73 729.48 13.36 18.03
Max. 14,693.31 72.42 11.64 772.96 14.08 18.31
y =0.2963x —126.29
0 7 along R? = 0.5819 10 along y =-0.0131x +14.035
< 801 _ _ .cross - 84 — — across R?=0.0406
E 701 y=-00353x + 74103 £ 67 e
£ 60 - . R?=0.0109 £ ] i e
& - _ . y =0.0005x +4.3108
50 1 ] ___'____—'. 27 R?=0.0001
40 T T T T T 1 0 T T T T T 1
600 620 640 660 680 700 72( 600 620 640 660 680 700 720
0 (kg/m’)

@ (kg/m’)
Fig. 11. Dependence of bending strength on the sheet density

in combined plywoods
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Fig. 12. Dependence of relative deformation on the sheet
density in combined plywoods
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Table 11. Correlation analysis of all-beech plywoods along and across the grain

Correlations (bending strength)*

Variable along the grain across the grain
p surface density thickness p surface density thickness
10 mm thick
F 0.5949 0.5956 -0.3114 —-0.1047 -0.0477 0.1535
p=0.120 p=0.119 p=0.453 p =0.805 p=00911 p=0.717
/ 0.6810 0.6755 —-0.3962 -0.0176 -0.1235 —-0.1523
" p =0.063 p = 0.066 p=0331 p=0.967 p=0.771 p=0.719
0.1491 0.1572 —0.0284 0.1904 —-0.0049 -0.4233
€
p=0.725 p=0.710 p=0.947 p=0.651 p=0991 p =029
12 mm thick
F -0.3503 -0.2707 0.0515 -0.7427 0.8685 -0.0919
p=0.395 p=0517 p =0.904 p =0.035 p = 0.005 p=0.829
/ -0.5211 -0.5379 0.3474 —-0.1001 0.3109 0.3853
" p=0.185 p=0.169 p =0.399 p=0814 p = 0453 p=0.346
—-0.3851 —-0.3545 0.1205 -0.5312 -0.2477 0.5642
€
p=0.346 p=0.389 p=0.776 p=0175 p =0.554 p=0.145
15 mm thick
E 0.1701 0.3343 0.1915 0.7210 -0.7519 0.7290
p =0.687 p=0418 p =0.650 p = 0.044 p=0.031 p =0.040
/ 0.0740 0.3904 0.4804 0.3757 0.4095 0.4268
" p =0.862 p=0.339 p=0228 p =0.359 p=0314 p=0292
0.3346 0.5457 0.2039 -0.4460 -0.5102 —0.5444
€
p=0418 p=0.162 p=0.628 p=0.268 p=0.196 p=0.163
18 mm thick
E 0.2457 —-0.4636 —-0.3931 -0.2500 0.3006 0.1111
p=0.557 p =0.247 p=0335 p = 0.550 p = 0.469 p=0.793
7 0.3890 -0.5997 -0.5791 0.2650 0.2287 —-0.1808
" p=0.341 p=0.116 p=0.133 p=0.526 p =0.586 p =0.668
0.1754 -0.6797 -0.4012 0.4068 0.2692 -0.5554
€
p=0678 p = 0.064 p=0.325 p=0.317 p=0519 p=0.153
*Marked correlations are significant at p < 0.050; n = 16 (casewise deletion of missing data)
25,000 - along 90 - y =—4.93x +102.49 along
y =—-658.73x +19,386 — — across R?=03644 — — across
« 20,000 - ) ’ 80
E R*=0.1561 . . g
= - 70 A
o] @ ———— £ .
- = = - Z cdv —4.6?86x +18.565 ] >
10,000 - - ~ y=20032x - 1,592.1 - R*=0425 -
R* = 0.06863 . -
5,000 ; : : : : . 40 = : . : |
4 5 6 7 8 9 10 4 5 6 7 8 9 10

Number of plies

Fig. 13. Dependence of modulus of elasticity on the number

of plies in combined plywoods
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Fig. 14. Dependence of bending strength on the number of
sheet plies in combined plywoods
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Table 12. Aggregate table of bending strength and modulus of elasticity in bending for combined plywoods

Thickness Number — w (Si::lf::; p g, € S fnl E, E,
(mm) of plies (%) (kg/m?) (kg/m3) (mm) (mm) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
8 5 9.16 5.59 650.61 3.99 3.16 78.65 4426  15269.08 9,368.89
10 7 8.74 7.05 702.16 3.71 4.01 79.90 4301  18,519.16 9,683.37
12 7 9.68 7.61 619.15 4.41 3.81 54.00 4369  12,952.38 11,281.88
15 7 9.24 9.77 655.10 7.03 6.08 68.41 61.09  14,497.44 14,43553
18 9 9.22 1197 651.55 7.96 6.10 58.93 6278  12,634.15 17,381.69
Table 13. Correlation analysis — combined plywoods
Correlations (summary)*
Variable
thickness No. of layer w surface density p
0.9479 0.7245 0.1824 0.9502 -0.2015
Fatong p=0.014 p =0.166 p=0.769 p=0.013 p=0.745
0.9325 0.7592 0.0200 0.9402 0.0106
Facros p=0.021 p=0.137 p=0975 p=0.017 p=0.988
-0.6510 -0.6037 ~0.8295 ~0.5791 0.7628
Jstons p=0234 p=0281 p =0.082 p=0.306 p=0.134
0.9019 0.6519 0.0805 0.9109 -0.1045
Fcos p=0.036 p=0233 p =0.898 p =0.032 p =0.867
-0.6172 -0.3950 -0.8486 -0.5535 0.8808
Fatos p=0.267 p=0510 p =0.069 p=0.333 p =0.048
0.9833 0.8285 0.2222 0.9846 -0.2257
p =0.003 p =0.083 p=0719 p =0.002 p=0715

*Marked correlations are significant at p < 0.05000; n =5 (casewise deletion of missing data)

that relationships of bending strength or modulus of
elasticity show a reversible character of development
along and across the grain in the upper veneer.

The trend is also evident from Figs. 18 and 19
where an increase in bending strength or MOE

°] along Y= 09932 - 1.5327
77 R?=0.525
_ across
7] _ -
E 51
S y =0.7329x — 0.4998
3 - R%=0.5763
2 . : , . . .
4 5 6 7 38 9 10

Number of plies

Fig. 15. Dependence of relative deformation on the number of
sheet plies in combined plywoods
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in bending across the grain occurs while there is
a decrease in the values along the grain. The fact
is caused by the construction of plywoods where
spruce veneers 3.5 mm thick are used as the second
outer plies in plywoods 15 and 18 mm thick. These

25,000
- 20,000 | \/\
£
£
> 15,000 - e
~ ~
m ~ -
10,000 ~ - along
= = across
5,000 T T T T T 1
8 10 12 14 16 18 20

Board thickness (mm)

Fig. 16. Dependence of MOE on the sheet thickness in all-
beech plywoods
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Board thickness (mm)

Fig. 17. Dependence of bending strength on the sheet thickness
in all-beech plywoods
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Fig. 19. Dependence of MOE on the sheet density in all-beech
plywoods
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Fig. 21. Dependence of relative deformation on the sheet

density in all-beech plywoods

plies take over the majority of strength in bending
stress across the grain and vice versa only surface
beech veneers 1.5 mm thick are most stressed along
the grain.
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Fig. 18. Dependence of relative deformation on the sheet thick-

ness in all-beech plywoods
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Fig. 20. Dependence of bending strength on the sheet density
in all-beech plywoods

25,000 - y =49.507x +20,329

R*=0.0061
20,000 -
e y =406.04x +8,463.6
§ 15,000 R*=0.2877
g e ——=—
10,000 . along
— — across
5,000 T T T T T T T 1
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Number of plies

Fig. 22. Dependence of MOE on the number of sheet plies in
all-beech plywoods

Table 15 of correlation analysis calculated for all
thicknesses and types of plywoods shows a strong
dependence of bending strength and MOE on the
sheet density.

Table 14. Aggregate table of bending strength and MOE in bending for all-beech plywoods

Thickness Number w Surface density p g g £ £ E, E,
(mm) of plies (%) (kg/m?2) (kg/m3)  (mm) (mm) (N/mm?) (N/mm?) (N/mm?) (N/mm?)
10 7 9.78 8.07 815.91 4.04 6.30 95.23 77.50 21,856.08 12,493.68
12 9 10.04 8.32 682.69 511 7.39 75.81 55.68 18,456.72  9,774.69
15 11 10.41 11.56 752.24 5.68 8.18 86.74 70.71 21,968.82 14,053.18
18 13 10.18 13.56 745.23 5.96 9.48 78.07 65.62 21,01543 13,774.44
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Table 15. Correlation analysis of an all-beech plywood

Correlations (summary)*

Variable
thickness No. of plies w surf.ace ensity p
0.9360 0.9631 0.8742 0.8671 -0.5232
along p =0.064 p =0.037 p=0.126 p=0.133 p=0477
0.9927 0.9959 0.7142 0.9481 -0.3576
Faros p =0.007 p =0.004 p=0.286 p =0.052 p=0.642
-0.5323 ~0.5904 ~0.3890 ~0.3489 0.9151
T p =0.468 p=0410 p=0611 p=0.651 p =0.085
-0.2154 ~0.2894 -0.2261 -0.0115 0.9790
Fm s p=0.785 p=0711 p=0.774 p =0.989 p=0.021
0.1466 0.0782 0.1408 0.3438 0.8575
Faen p=0.853 p=0922 p=0.859 p =0.656 p=0.143
0.5920 0.5364 0.4844 0.7417 0.5652
p = 0.408 p =0.464 p=0516 p =0.258. p=0435

*Marked correlations are significant at p < 0.050; # = 5 (casewise deletion of missing data)

100 1 along

904 — Z_ across y =-2.0274x +104.24
. . R*=0.3486
g 80 -
£ . .
z
~ 70 4 _— i — -
o T ——_—

60 y =-1.0301x +77.678

- R*=0.0837
50 T T T T T T T 1
6 7 8 9 10 11 12 13 14

Number of plies

Fig. 23. Dependence of bending strength on the number of
sheet plies in all-beech plywoods

10 -
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E 71 - R%=0.9918
g — .
= 6 . :
> . y =0.3169x +2.0281
47 : R?=0.9276
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Fig. 24. Dependence of relative deformation on the number of

sheet plies in all-beech plywoods

Fig. 25. Fracture along the height of the specimen in a com-
bined plywood 18 mm thick

Fig. 27. Fibrous fracture along the height of the specimen in a
beech plywood 15 mm thick

Fig. 26. Fibrous fracture along the height of the specimen in a
combined plywood 18 mm thick

J. FOR. SCIL, 51, 2005 (2): 77-94

Fig. 28. Rupture of fibres in the tensile zone of the specimen

in a combined plywood 15 mm thick
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Fig. 29. Rupture of fibres in the tensile zone of the specimen  Fig. 31. Failure in the central zone due to shear stress caused
in a beech plywood 18 mm thick by the defect of a central veneer in a combined plywood

10 mm thick

————— . e If we compare bending strength and MOE in
T m— — g, %, Dbendingbetween all-beech and combined plywoods
S s e eemese  (Figs. 32 and 33) we can conclude that all-beech

plywoods reach higher values than combined ply-
Fig. 30. Failure in the central zone due to shear stress in a  woods. Itis given by the fact that beech wood shows
combined plywood 18 mm thick twice higher bending strength than spruce wood.

Table 16. Correlation analysis for combined and all-beech plywoods

Correlations (summary for all boards)*

Variable
E:along €across fm along fm across Ealong Eacross
0.8767 0.6996 —-0.3457 0.4595 —-0.0482 0.8506
Thickness
p = 0.002 p=0.036 p=0.362 p=0213 p =0.902 p = 0.004
0.4439 0.9078 0.1050 0.5127 0.4926 0.4684
Number of plies
p=0231 p =0.001 p=0.788 p=0.158 p=0178 p=0203
0.0949 0.7693 0.2852 0.5803 0.5789 0.1638
w
p = 0.808 p=0.015 p = 0457 p=0.101 p=0.102 p=0674
0.7562 0.8377 -0.0779 0.6207 0.2309 0.8070
Surface density
p=0.018 p =0.005 p =0.842 p =0.074 p =0.550 p=0.009
-0.2229 0.5525 0.8725 0.7517 0.9189 0.0795
p
p = 0.564 p=0.123 »=0.002 p=0.019 p=0.000 p=0.839
*Marked correlations are significant at p < 0.050; n = 9 (casewise deletion of missing data)
w T ® I T —
25,000w 100
20,000 80
“E 15,0001 60-
£
< 10,000+ 40+
M
5,000 20+
0
10
12 10
15 18 12 15 18
Thickness (mm) Thickness (mm)
B Plywood combi — across B Plywood all-beech — across OPlywood combi — along OPlywood all-beech — along

Fig. 32. Comparison of MOE in bending (A) and bending strength (B) between combined and all-beech plywoods
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Posouzeni pevnosti v ohybu a modulu pruznosti v ohybu vodovzdornych
foliovanych preklizek v zavislosti na jejich konstrukci

J. HRAzZSKY, P. KRAL

Lesnickd a drevai'skd fakulta, Mendelova zemédélskd a lesnickd univerzita v Brné, Brno, Ceskd republika

ABSTRAKT: Clanek shrnuje vysledky institucionalniho vyzkumu zaméteného na posouzeni pevnosti v ohybu a modulu
pruznosti v ohybu vodovzdornych féliovanych kombinovanych a celobukovych preklizek v zdvislosti na jejich konstrukci.
Byl zkoumdn vztah konstrukce preklizek a vybranych fyzikalnich a mechanickych vlastnosti. U zkoumanych desek byla ana-
lyzovéna ve vzdjemnych souvislostech vlhkost, hustota, pevnost v ohybu a modul pruznosti v ohybu podél a napri¢ vldken
vrchni dyhy. Veskera mérfeni byla provedena na vodovzdornych preklizkach s povrchovou tpravou fenolformaldehydovou
folii kombinovanych o tloustce 8, 10, 12 a 15 mm a celobukovych o tloustce 10, 12, 15 a 18 mm. Konstrukce preklizek vy-
znamnym zpUusobem ovliviiuje kvalitu, kterd je urCovina zejména pevnosti v ohybu a modulem pruznosti v ohybu. Pouzitim
regresni analyzy byly prokdzany zévislosti — zejména to, Ze s rostouci vlhkosti preklizek klesd pevnost v ohybu a se zvys$ujici
se hustotou roste pevnost v ohybu a modul elasticity. Stejny trend se prokdzal i v souvislosti se zvy$ujicim se po¢tem dyh
preklizovanych desek. Korela¢ni metodou byly statisticky testovany vzdjemné kombinace zavislosti uvedenych vlastnosti.

Klic¢ova slova: preklizka; hustota; plosnad hmotnost; vlhkost; tloustka; pevnost v ohybu; modul pruznosti v ohybu; dyha;

statistickd analyza

Preklizované desky jsou definovany jako desky se vza-
jemné slepenymi vrstvami, pricemz smér vldken soused-
nich vrstev je na sebe kolmy. Ve v§eobecnosti jsou vnéjsi
a vnitfn{ vrstvy na obou strandch vzhledem ke stfedni
(pripadné stiedové vrstvé) symetricky usporadéany.

Vyroba preklizovanych desek patri k nejmladsim od-
vétvim drevozpracujiciho priamyslu. Preklizované des-
ky se béhem casu dostaly na jedno z vedoucich mist
trhu s velkoplosnymi materidly. Pouzivaji se v mnoha
odvétvich lidské cinnosti, napriklad ve strojirenstvi,
v textilnim pramyslu, ve vyrobé nabytku, v doprave,
v pramyslové a ve stavebni vyrobé apod.

J.FOR. SCI,, 51, 2005 (2): 77-94

Preklizované materialy, které fadime spolu s mate-
ridly aglomerovanymi k materidlim velkoplo$nym, se
vyrabéji lisovanim soubortt dyh nanesenych syntetic-
kym lepidlem za tepla a za spoluptisobeni tlaku.

Protiaglomerovanym materidltim, tj. tfiskovymavlak-
nitym deskdm, maji urcité vyhody. Jsou podstatné leh-
¢i (maji nizsi hustotu), vykazuji vyssi hodnoty jednot-
livych mechanickych a fyzikalnich vlastnosti. Jejich
hlavni vyhoda spociva v tom, Ze si uchovavaji vzhled
prirodniho dfeva. Preklizované desky se daji rovnéz vy-
rabét ve formé tvarovanych vyliski. Ve véeobecnosti se
daji jednoduse povrchové upravovat. Podle tcelu pou-
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Ziti — za pridavku specidlnich typu syntetickych lepidel
nebo féliovdnim specidlnimi f6liemi — se daji preklizo-
vané desky vyrabét jako vodovzdorné.

Nejvétsi uplatnéni nachdazeji preklizované desky (ne-
vodovzdorné) v nébytkarském pramyslu. Ve staveb-
nictvi se naopak pouzivaji preklizované desky vodo-
vzdorné. Stavebnictvi pouziva preklizované desky i pro
konstrukci a vyrobu podlah, obklad®, nosnych stén,
lamelovych konstrukci apod. V dopravé maji prekli-
zované desky pouziti pri vyrobé Zelezni¢nich vagong,
autobusd, tramvaji, ndkladnich vozi, lodi apod.

Preklizované desky se rozdéluji podle konstrukce na
preklizky (truhlérské, stavebni, obalové, letecké, z vrst-
veného dreva), jadrové desky (latovky, dyhovky), sloze-
né desky (vostinové, velitové desky) a dale podle tvaru
na ploché a tvarové.

Jejich dalsi rozdéleni je mozné podle hlavnich kva-
litativnich znakd, tj. podle Zivotnosti (pro pouziti ve
venkovnim a ve vnitfnim suchém prostfedi), mecha-
nickych vlastnosti, vzhledu povrchu, zptisobu upravy
povrchu (nebrousené, brousené, povrchové upravené,
oplastované).

Kvalita preklizovanych desek je posuzovidna podle
mnoha kritérii a znakd. Obecné lze konstatovat, Ze pre-
klizované desky se tridi podle platnych norem. Musi spl-
novat pozadavky na rozmérovou presnost (formaty i pri-
tezy), kvalitu lepeni, vnéjsi kvalitativni znaky, fyzikéalni
a mechanické vlastnosti, specidlni pozadavky zakaznika
(snizené uvolnovani formaldehydu, zvy$end pozarni
odolnost, odolnost vici plisnim, houbdm a hmyzu).

Pevnost v ohybu a modul pruznosti v ohybu prekli-
zovanych materidlt ovliviiuje celd rada faktortt — druh
dreviny, kvalita dfeviny, vlhkost dfeva, hustota dreva,
struktura dreva, teplota, pocet vrstev, pouzité lepidlo
a trvalé zatiZeni.

Cilem préce bylo posouzeni pevnosti v ohybu a mo-
dulu pruznosti vodovzdornych féliovanych preklizek
v zavislosti na jejich konstrukci.

Zkousky byly provadény na féliovanych vodovzdor-
nych preklizovanych deskach s protiskluzovou tpra-
vou, a to dvou typt konstrukce. V souladu s normami
EN 326-1a EN 325 byly sestaveny narezové plany.

Jednotlivé fyzikdlni a mechanické vlastnosti prekli-
zovanych desek byly zjistovany podle nésledujicich no-
rem:

— CSN EN 310 Stanoveni modulu pruznosti v ohybu

a pevnosti v ohybu
— CSN EN 322 Desky ze dieva — Zjigtovani vihkosti

— CSN EN 323 Desky ze dieva — Zjigfovani hustoty

— CSN EN 325 Stanoveni rozmért zkusebnich téles

— CSN-EN 326-1 Desky ze dieva. Odbér vzorki, nare-
zévani a kontrola. Cést 1: Odbér vzorki, nafezavani
zkusebnich téles a vyjadreni vysledka zkousek.

Normalita soubortt byla ovéfena pomoci Shapiro-
-Wilkovova testu. Ndsledné byla provedena jednofak-
torova analyza rozptylu a pro posouzeni vzdjemnych
zavislosti soubort korela¢ni a regresni analyza.

Provedené ohybové zkousky prokazaly, ze preklizky
kombi i celobukové vsech tlousték spliuji minimdlni
hodnoty pevnosti dané normou DIN 68 705, Teil 3.

Pri ohybovych zkouskach dochazelo k poruseni vét-
$inou na povrchovych vrstvach tahové zény (obr. 28
az 29) anebo po celé tloustce vzorku (obr. 25-27).
U kombinovanych preklizek o tloustce 18 mm pfi ohy-
bu v pri¢ném sméru doslo v 75 % k porusenti ve stfedni
vrstvé vzniklé prekondnim smykové pevnosti stfedni
dyhy (obr. 30). Na obr. 31 je patrné poruseni ve stredo-
vé zéné vlivem vady stiedni dyhy.

Z vysledku korelacni a regresni analyzy pro jednotli-
vé tloustky a sméry pisobent sily se dependencemi na
hustoté, plosné hmotnosti a tloustce podarilo tyto za-
vislosti dokézat jen u velice mala méfeni.

Korela¢ni analyza u souhrnnych soubort pro jed-
notlivé typy preklizek nam prokdzala vice zavislosti
(tab. 13 a 14). V tab. 13 je zajimavé, ze zavislosti pev-
nost, resp. modul pruznosti maji obraceny charakter
vyvoje v podélném a pri¢ném sméru vlaken horni dyhy.
Teto trend je patrny i z obr. 18 a 19, kde dochazi k na-
ristu pevnosti v ohybu, resp. modulu pruznosti v ohy-
bu v pfi¢ném sméru a k poklesu hodnot v podélném
sméru. Tato skutecnost je zptisobena konstrukci pre-
klizek, kde jsou u tlousték 15 mm a 18 mm pouzity jako
druhé vnéjsi vrstvy smrkové dyhy o tloustce 3,5 mm. Ty
prebiraji vétsinu pevnosti pfi namahéni na ohyb v pric-
ném sméru preklizky a naopak v podélném sméru jsou
nejvice namahany jen povrchové bukové dyhy o tloust-
ce 1,5 mm.

Z tab. 15 korelac¢ni analyzy vypoctené za vsechny
tloustky a typy desek je patrnd silnd zavislost pevnosti
a modulu pruznosti na hustoté desky.

Porovnanim pevnosti v ohybu a modult pruznosti
ohybu mezi celobukovymi a kombinovanymi pfekliz-
kami (obr. 32) dojdeme k o¢ekdvanému zavéru, ze celo-
bukové preklizky dosahuji vyssich hodnot nez prekliz-
ky kombi, protoze dievo buku mé dvakrat vétsi pevnost
v ohybu nez drevo smrkové.
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