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Abstract: Effect of structure of laminated wood on bending strength after cyclic loading. Laminated wood is
particularly suitable for the production of seating and bedding furniture, for its suitable properties. The work is
focused on the changes of the bending properties of laminated wood from beech and poplar veneers after its
dynamic loading by cyclic bending. As we increase the number of cycles, we notice a decrease in flexural
strength, a slight increase in flexural modulus, and a decrease in the number of cycles. Also the increase in the
minimum bending radius as well as the flexural coefficient.
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INTRODUCTION

The incentive for the development and production of wood-based construction
materials was to obtain material with better properties than solid wood. This area also
includes the development and production of veneer-based laminates. One representative of
these materials is laminated wood used in a wide range of products. For its good mechanical
and aesthetic properties, veneer-based laminated wood, is widely used in furniture production
(Fekia¢ 2016, Fekia¢ and Gaborik 2016, Gaborik and Vilhanova 2016, Dudas and Vilhanova
2013, Langova et al. 2013). The basic component is veneer obtained by stripping or slicing,
which is applied in natural form or is suitably modified (Bekhta et al. 2017, Zemiar and
Fekia¢ 2014, Zemiar et al. 2014). Modification improves the technical or aesthetic properties
of the veneers (Bekhta et al. 2012, Fekiac et al. 2015, Fekiac et al. 2016, Langové and Jos¢ak
2014, Slabejova and Smidriakova 2014, Slabejova et al. 2017).

Laminated wood can be made by layering and gluing a variety of thin wood lamellas
together. The lamellas are either of one type wood or of several types of wood, with the
orientation of the wood fibres in the longitudinal direction (Figure 1) (Aydin et al. 2004,
Eckelman 1993, Zemiar et al. 2009).

Figure 1. The longitudinal direction of the wood fibres in the layers of laminated wood
(Joscak et al. 2014).

Laminating is considered as a technology that greatly enhances the woody raw
material while also allowing to change wood properties (Zemiar and Kotrady 1999, Géborik
and Dudas 2008, Gaff and Gaborik 2014, Eckelman 1993).

According to the use in the manufacture of furniture, different requirements are
imposed on wood materials. In specific cases, in addition to strength properties is also places
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emphasis on the elasticity, durability and shape. This is especially about specific pieces of bed
and seating furniture. The task of these parts is to ensure adequate and time-stable user
comfort (Zemiar et al. 2009). Different technical and aesthetic requirements are met by a
suitable combination of lamellar wood layers and possibly by shaping of wood. Laminated
wood is characterized by very good mechanical properties and dimensional stability (Svoboda
et al. 2015). In three-layered aspen laminated wood, an increase in mechanical properties was
achieved by 9 + 23% compared to solid wood (Gaborik et al. 2011).

The beech wood (Fagus sylvatica L) is the most widespread wood in Slovakia with a
share of about 32% (www.forestportal.sk, 2014). The most commonly used material in
furniture production is beech wood (Zemiar et al. 2000).

Similarly, it is possible to change the aesthetic appearance, where the inner layers are
from less striking woods and on the surface are veneers of exotic woods (Gaborik 2012). In
our work we focused on lamellar wood made of veneer of beech and poplar veneer, which
allowed a certain reduction in weight, compared to lamellar wood made only of beech veneer.

In addition to suitable wood, the properties of the laminated wood are also affected by

the adhesive used. Urea formaldehyde (UF), phenol-formaldehyde (PF), melamine-
formaldehyde (MF) and polyvinyl acetate (PVAc) adhesives are used. From point of view a
healthy environment, PV Ac adhesives are gradually being applied in wood products (Gaborik
2013, Gaborik et al. 2016, Svoboda et al. 2015, Smidriakova et al. 2015, Jo§¢ak at al. 2015).

From the viewpoint of the user, besides the strength and aesthetics properties of the bed
and seating furniture, is interesting also durability, i.e. life-time of the furniture as a whole or some
of its components. That is why we have focused on monitoring the bending properties of
laminated wood after its cyclic loading, which we can consider as a suitable representative of
durability. Bending properties were investigated on a laminated wood made from beech and
poplar veneer in the rate of 3:2. The orientation of the fibres was in each layer in the direction of
the longer dimension, the layers was glued by the PVAC adhesive. By comparing the observed
properties before and after cyclic loading, we determined the effect of cyclic bending stress on
changing its properties.

MATERIALS AND METODS

The basic material was the veneers made of beech wood (Fagus sylvatica L.) and
poplar (Populus tremula L.); veneers have a thickness of 2 mm. The Technobond D3
polyvinyl acetate (PVAc) coated by 190g/m? was used. The pressing operation was performed
in a single-stage press at a temperature of T = 20 ° C, a pressing pressure of 0.8 MPa and a
pressing time of 25 min. This produced laminated wood was composed of 5 layers of veneers
with a parallel direction of the wood fibres of each layer with alternating beech and poplar
veneers (Figure 2).

Figure 2. Layering of beech and poplar veneers of laminated wood.

The dimensions of pressed board wasl0 x 500 x 1300 mm. The plates were air-
conditioned for 7 days. After the air conditioning, the test pieces were cut out. For the static
three point bend test, the test pieces had a size of 10 x 40 x 250 mm. For the cyclic bending
test, the test pieces had a size of 10 x 40 x 630 mm. The fibres were directed in the direction
of the longer dimension of the test piece, 10 test bodies were used in each test. A static three-
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point bending test was performed according to the EN 310 (1993) (Figure 3). The cyclic load
was performed on a cyclic bending machine with one-axis load in the elastic area (Figure 4).

Figure 3. The three-point static bending test.

In the static bending test, we noticed the bending force and deflection (Figure 3). From
the measured values we calculated the bending strength (o,.,,) according to the equation (1),
the modulus of elasticity (£,;) according to the equation (2), the minimum bending radius
(Rmin) according to the equation (3) and the coefficient of flexibility (ko) according to the
equation (4):

Bending strength 6max:

3'Fmax'lo
Omax = 2-bh2 [MPa] (1)

where:  Fp.x — force at failure of specimen [N],
lp — distance between supports; /, = 20 . h [mm)],
b — width of specimen [mm)],
h — thickness of specimen [mm].

Modulus of elasticity Eqp:
(Fs0—F10)13

Fon = oow -y L @
where:  F40 — 40 % from maximal force [N],
Fio— 10 % from maximal force [N],
ya0 — deflection corresponding to force Fs4p [mm],
y10 — deflection corresponding to force Fjo [mm].
Minimum bending radius Ry,:
R _ l(2) Ymax 3
min — 8 Vmax 2 [mm] ( )

where:  ymax — deflection corresponding to force Fyx [mm],

Coefficient of flexibility Kop:

h
kon =

[-] 4

Rmin

where:  h — thickness of specimen [mm],
Rnin — minimum bending radius [mm)].
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Technological property - bendability, we evaluate on the base minimum bending
radius (R,;,), coefficient of flexibility (k,;) and additionally the unit coefficient of flexibility
(1/k,1). Unit bending coefficient expresses at what minimum bend radius it is possible to bend
the unit thickness of the material.

For the calculation of the minimum bending radius (Rmin), there are different
equations as stated by several authors in their works (Buglaj 1967, Gaff et al. 2016, Stevens
and Turner 1970, Sulan et al. 1965, Zemiar et al. 1992). We chose the above equation because
of the low thickness of our test specimens (h = 10 mm). For this thickness, the equation is
satisfactory.

To the test cyclic bend loading has been selected 5000 and 10 000 cycles. These
values correspond to the half time and total time of the test of durability for upholstery
furniture according to EN 1725 (2001).

The cyclic load was performed at cycler device speed 22 cycles per minute. The
bending on the cycling machine took place from zero to the maximum deflection. The
maximum deflection was set so that the laminated wood would only be stressed in the elastic
area. The deflection (Yp) of the cycling device was determined by the conversion from the
data found in the static bending test according to the relationship (5):

_ B
Yo = oho [mm] (5)

where: Ip — axial spacing between the supports on the cycler equipment
Ip = [489 mm],

R, — bending radius on the proportionality limit, determined by the
static bending test [mm)],

We set the deflection (Yp 90%) at the level 90% from the calculated Yp value, on the
cycling equipment. This was assured by the stress of the test bodies in the elastic area (Figure
4).

Figure 4. The principle of cyclic bending stress
F, - elastic reaction of laminated wood, | - length of the test body.

After the cycling test, we have cut out test bodies for a static bending test. Based on

the comparison of bending properties before and after cyclic bending, we evaluated the
impact of cyclic stress on the change the investigated properties of beech laminated wood.
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RESULTS

We monitored the impact of the number of cycles on the change of bending strength,
modulus of elasticity, minimum bending radius and unit coefficient of flexibility. The
observed and calculated values of the properties of laminated wood before and after the cyclic
load (bending) were evaluated in the STATISTICA 12 program, through the box graphs and
Duncan tests. Based on significance levels (p), the effect of significance cycles number on the
observed properties was determined.

The analysis shows that, with the increasing number of cycles, the maximum bending
strength (6max) Of lamellae is decreasing (Table 1 and Figure 5a). Comparing the strength
before cyclic loading (0 cycles) with a bending strength determined after cyclic loading with
5000 cycles, we found a 13% drop in bending strength and a 40% drop in strength after 10000
cycles (Table 1). The significance levels resulting from the Duncan test (Table 2) confirm that
the observed decrease is significant.

Table 1. Arithmetic averages and variation coefficients of bending strength, bending modulus of elasticity,
minimum bending radius, and unit coefficient of flexibility.

max Eo Rmin l/ko
Number J h h
of |_ \ X v X 0 X \
cycles |XIMPal L por 1 vpay | 6] | pmmp | VPPN ] [%]
0| 101,05 9,39 9691,76 9,53 456,34 8,90 46,67 9,54
5000| 87,95 18,12 |[10739,87 3,52 427,98 12,44 41,58 7,15
10000 60,03 6,57 9806,85 5,19 480,97 5,01 48,28 8,00

Table 2. Duncan tests; a comparison of the effect of the number of bending cycles on bending strength (6 4¢),
bending modulus of elasticity (E,,), minimum bending radius (R,;,) and coefficient of f flexibility (1/koh)
through levels of significance (p).

Number Levels of significance - p

of th llmin 1/ koh

Gmax

cycles | 0 | 5000 [10000{ 0 |5000 10000 O |5000|10000| O |5000 | 10000

0 0,013 0,000 0,002 | 0,694 0,135| 0,191 0,006 0,354

500010,013 0,000 10,002 0,00310,135 0,010 10,006 0,001

10000 10,000{ 0,000 0,694 0,003 0,19110,010 0,354 (0,001

Comparing bending modulus of elasticity (E,) we found 10.8% increase over 5000
cycles and 1.19% increase over 10,000 cycles compared to the bending modulus of elasticity
of samples before cycling (Table 1). In these cases, the Duncan test (Table 2) confirmed that
after 5 000 cycles, this is a statistically significant change in bending modulus of elasticity
and is not insignificant change after 10 000 cycles. The graphical representation of the
bending modulus of elasticity shown Fig. 5b. The finding, that cyclic stress is unevenly
reflected the change in flexural modulus reach in his works the authors Igaz et al. (2014), Gaff
and Gaborik (2014) and Svoboda et al. (2015).
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Figure 5. The effect of the number of bending cycles on the change of
a) bending strength, b) bending modulus of elasticity.

The influence of cyclic stress on the technological properties as bendability of
laminated wood based on the change in the minimum bending radius (Rni,) and the unit
coefficient of flexibility (1/ko) was evaluated.

The minimum bending radius (Rpi,) of uncycled laminated wood was 456.34 mm
(Table 1). After 5000 cycles, decrease about 6.2%, which was not shown to be significant p =
0.135 (Table 2) we recorded. Interestingly, the change in the minimum bending radius of
10000 cycles was recorded, where was increase about 5.4%. This change is also insignificant,
but suggests that with the expected increase in the number of bending cycles, it is necessary to
consider a greater minimum bending radius of laminated wood in the construction elements of
furniture. The recorded changes in the minimum bending radius are shown in the graph in Fig.
6a.

Conversion of the minimum bending radius to the coefficient of flexibility and then to
the unit coefficient of flexibility (1/k,,), we have obtained the data from which we can
compare the bending of the laminated wood before and after dynamic loading by cyclic
bending. The graph showing the dependence of the unit coefficient flexibility on the number
of cycles (Figure 6b) practically copies the graph with the evaluation of the minimum bending
radius.
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Figure 6. The effect of the number of bending cycles on the change of
a) the minimum bending radius, b) the unit coefficient of flexibility.
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CONCLUSIONS

The main objective was to determined, how cyclic stresses affect to the bending
properties of laminated wood. We created laminated wood by combination of beech and
poplar veneer of the same thickness and bonded PV Ac adhesive. Due to the possibilities of its
application, especially in the production of seating and bed furniture, we assessed the impact
of dynamic bending stresses on the change of bending strength, modulus of elasticity,
minimum bend radius and coefficient of flexibility.

The evaluating of bending strength we found it to decrease with an increasing number
of cycles up to 40% over 10,000 cycles.

Modulus with increasing number of cycles varied unevenly due to the increasing
number of cycles. Is increased by 10.8% and by 1.19% in comparison with the uncycled
laminated timber.

The change in the minimum bending radius per unit thickness - the unit coefficient of
flexibility, affected significantly only 5000 bending cycles, when we noticed a 10.9%
reduction in the bend radius of the laminated wood.

The cyclic loading of the beech-poplar laminated wood did not show any changes in
the investigated properties unambiguously.
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No. 1/0556/19 and Slovak Research and Development Agency under the contract APVV-14-
0506.
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Streszczenie: Wphyw struktury klejonego drewna warstwowego na wytrzymatos¢ na zginanie
po obcigzeniu cyklicznym. Klejone drewno warstwowe, ze wzgledu na swoje wlasciwosci,
nadaje si¢ do produkcji mebli do siedzenia i spania. W ramach pracy przeprowadzono badania
wlasciwosci gietnych klejonego drewna warstwowego wytworzonego z fornirow bukowych i
topolowych podczas jego cyklicznego obcigzania dynamicznego. W miarg zwigkszania liczby
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cykli zginania odnotowano spadek wytrzymatosci na zginanie oraz niewielki wzrost modutu
sprezystosci. Odnotowano réwniez wzrost minimalnego promienia gigcia oraz wspotczynnika
sztywnosci.
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