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ABSTRACT

One-layer bark panels were internally reinforced with two different grid sizes fiberglass
mesh sheets (M1 and M2). The thermal conductivity, water absorption, thickness swelling, static
bending properties and internal bond strength of these panels were tested. The reinforcement
doesn’t affect the thermal conductivity, but the physical and mechanical properties of the panel
were improved. The thickness swelling was reduced by 7.43% and 12.93%; the water uptake
decreased by 4.93% and 16.32% for the M1 and M2 sheets, respectively. MOR increased from
0.54 MPa to 2.44 and 2.1 MPa, and MOE increased from 0.28 GPa to 0.66 and 0.63 GPa,
respectively. The internal bond didn’t change. The findings indicate that it is possible to produce
internal reinforced bark panels for insulation materials depending on the characteristics and
tensile properties of the reinforcing materials, as well as the adhesion properties and interfacial
interaction of the composite materials.

KEYWORDS: Bark, insulation, glass fiber reinforced panels, thermal conductivity, mechanical
properties.

INTRODUCTION

The utilization of waste materials produced on the forestry and silviculture sector, such
as agricultural and bark residues is always in high demand. For instance, the quantity of bark
produced annually is estimated to be approximately 359,114,200 m3 (FAO 2015). Past research
efforts have been investigated bark as a feedstock material for the manufacturing of different type
of panels such as particleboards, hardboard, medium density fiberboard and oriented strand board
(Pedieu et al. 2008).

The low mechanical performance has prevented the use of bark on the manufacturing
engineered wood panels. However, other type of panels like insulation boards does not need to
meet similar requirements or require such a high strength (Maloney 1973).

Due to inadequate mechanical properties, surface reinforcements were first applied to solid
wood, and in particular beams were reinforced by this method. Fiberglass mat, cloth, and strands
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can all be used for reinforcement for beams, but the strands provide the greatest tensile strength
(Theakston 1965). Boehme and Schulz (1974) sheeted wood particleboard, plywood and solid
wood with glass fiber-reinforced plastic layers in a wet process. A remarkable increase of strength
and stiffness, a reduced creep ratio was observed. Applying glass yarn scrim to the surface of the
hardboard effectively improved strength, stiffness, and linear stability of the medium-density
boards and hardboards (Steinmetz 1977). Spaun (1981) made composite members with solid
western hemlock cores and Douglas-fir veneer and fiberglass layers sandwiched on both sides.
Both the veneer and fiberglass provided significant reinforcement to the hemlock cores. Rowlands
et al. (1986) stated that adding fiber reinforcement to wood increased strength, stiffness, and
engineering toughness, while potentially decreasing mechanical variability. Fiber reinforcement
should be used in regions of stress concentration, as well as with tensile and flexural members.
Cheng (1996) used glass fiber reinforcement on glulam beams. The strength of the reinforced
specimens increased. Cai (2006) examined the effect of fiberglass reinforcement on mechanical
and physical properties of MDF and flakeboard. The reinforcement of fiberglass on the surface
of MDF and flakeboard improved MOE and MOR and the resistance to TS and WA. Wang
et al. (2009) investigated flakeboards reinforced with bamboo strips. The MOR and MOE were
substantially greater for all three experimental panel types as compared to the control group. The
bamboo strip alignment patterns had no significant effect on thickness swelling, water absorption
and internal bond, but affected the other mechanical properties. Barbosa et al. (2015) glued
bamboo laminas on three-layer medium density particleboard. The reinforcements increased
the mechanical properties of the eucalyptus particleboards. Three-layered particleboards were
manufactured from wood, hurd and shive particle and reinforced in the upper and lower face
layers with aligned flax and hemp fiber mats (Sam-Brew and Smith 2015). The bending strength
properties were improved; the thickness swelling and water absorption properties were also
significantly reduced.

A special type of the surface reinforcement is the lamination. Nemli and Colakoglu (2005)
coated particleboards with papers, veneers and press laminates and improved the mechanical
properties, decreased the thickness swelling and formaldehyde emission. Bardak et al. (2011)
improved mechanical properties and abrasion resistance of particleboards by paper overlaying.
The mechanical and physical properties of the coated particleboards improved and formaldehyde
emission decreased (Liu et al. 2013). Christoforo et al. (2016) also studied the influence of
lamination by natural fibers (palm fiber and sisal fiber) and synthetic fibers (glass and carbon
fibers) on Pinus sp. wood particleboards. In all cases MOE and MOR increased.

The reinforcement can be inside the manufactured product too. Saucier and Holman (1976)
developed a method for producing structural members from wood particles and glass fiber was
used as continuous filament for reinforcement. It was found that elongated wood flakes were the
best for wood particles. Smulski and Ifju (1987) improved the MOE and MOR of a hardboard
by internal reinforcement with continuous glass fibers. The effect of metal and woven synthetic
nets reinforcement on the mechanical properties of MDF was studied by Mohebby et al. (2011).
The reinforcements were placed under the surface. Bending properties and tensile strength were
increased due to the reinforcement. Natural materials were also used for internal reinforcement;
MOR and MOE of the panels improved almost all cases. For example flax straw mats (Troger
and Ullrich 1994), coconut coir coconut coir (Kavitha et al. 2015), flax fibers (Domier et al.
1991), jute fibers (Deng and Furuno 2002), vine pruning’s fibre (Yeniocak et al. 2016) was used
for different panel types.

Liu et al. (2013) mixed chopped basalt fibres with different lengths with fir sawdust at
several weight fractions to produce basalt fiber reinforced fir sawdust panels. The reinforced
panels showed improved strength values.
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The challenge for green and thermal energy efficient buildings from natural, nontoxic,
renewable and environmental-friendly resources is rising constantly (Korjenic et al. 2011). In
recent years, studies on the thermal properties of low density bark (Kain et al. 2013, Pésztory et
al. 2017) or agglomerated cork (Barreca and Fichera 2016, Sierra-Pérez et al. 2016) panels have
been investigated for use in the building construction.

Fiber-reinforced plastics (FRPs) including glass fibers which are spun into yarns are
commonly used materials for the fabrication of FRPs lightweight, structural composites. In
order to achieve complex geometric profiles, several methods are used such as winding, braiding,
knitting, and weaving. Among them weaving process presents the most favourable advantages
(Fazeli et al. 2016). Likewise, and correspondingly to textile manufacturing, weaving process is
the interlacing of two sets of yarns i.e. warp and weft. Vertically (lengthwise or parallel to selvedge
of the cloth) and horizontally (crosswise to the selvedge of the cloth) passing yarns are denoted
as warps and wefts respectively, and intersection points between wefts and warps are called float-
points (Schneider et al. 2015, Wadje 2009).

Fiber reinforcement to wood has been found to increase the strength, stiffness, and
toughness, of wood materials. From the available synthetic fiber reinforcements, glass fibers
(GFRP) is considered technically and economically superior (Rowlands et al. 1986) and have
been extensively used to enhance mechanical properties of wood intended for structural and
non-structural applications. The purpose of this work was to investigate the effect of different
grid sizes fiberglass mesh sheets as internal reinforcing materials into bark panels. The physical,
thermal and mechanical properties, i.e. the static bending properties and internal bond of these
panels were examined.

MATERIALS AND METHODS

The poplar (Populus sp.) bark slabs without separation of inner- and outer-bark, peeled off
from poplar trees at a local sawmill, in Sopron, Hungary, were used as raw material for panels
production (Fig. 1).

e P e - : )
Fig. 1: Preparation of panels with mesh sheets (red arrows) and the manufactured panels.

The bark slabs were size reduced and chopped into particles using a hammer mill equipped
with an 8-mm screening holes. Afterwards, the gathered bark particles were fractionated (3 PRO
Fritsch Analysette) with different sieves and dried up until a final moisture content of 6-9% was
reached. Barks particles ranging from 0.5 mm to 8 mm were collected for the manufacturing of
bark-based panels.

Two fiberglass mesh sheets with different grid size (M1 and M2, respectively) suitable
as reinforcement materials were supplied by Tolnatext Bt. (Tolna, Hungary). Their main
characteristics are given in Tab. 1.
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Tab. 1: Basic properties of fiberglass meshes used in this work.

Weight (g) ~75 (M1)

Grid size (mm) 3.0x2.5
Tensile strength Warp 350
(N/5cm) Weft 760

A 4% urea-formaldehyde resin DUKOL Ostrava s.r.o. (Kronores CB 1104 D) was used for
the production of core-layer bark-based panels. Aqueous solution (35%) of ammonium sulfate
as hardener (3% solid content) was added to catalyse the resin curing. The resin/bark particles
mixture was formed into a wood frame mould; the mixture was manually pre-compacted and then
the frame was removed. The fiberglass meshes were placed interior to the panels around 2 mm
from each side, on both surfaces. Bark based insulation panels with a size of 500 x 500 mm,
a nominal thickness of 20 mm and a target density of 350 kgm were produced using
a laboratory hot press (Siempelkamp). The pressing time was 18 sec per final thickness in mm,
and the temperature of the plates was 180°C.

Thermal conductivity was measured across the thickness of the panel using a heat flow meter
using a guarded custom made hot-plate apparatus. The thermal conductivity can be calculated
at steady state conditions by measuring the heat flux, as described by Fourier’s law, according to
the following equation:

LT
= o (WK (1)
where / is the thermal conductivity measured in watts per meter kelvin (W-m™1-K1), @_ is the heat
flux (W-m2), AT 'is the temperature difference across the specimen (K) and 4 is the thickness of
the specimen (m).

The temperature difference between the hot and a cold plate was set to 10°C by the mean
temperature was 10°C. For each panel type, thermal conductivity test was carried out on three
specimens.

Bulk density (p) was measured on the same samples used for the mechanical tests, as the
average of at least fifteen specimens. The density of each panel was individually measured at
current moisture content at time of mechanical bending test (EN 323, 1993).

Dimensional stability of the specimens regarding thickness swelling (TS) and water
absorption (WA) after immersion in water for 2 and 24 h were calculated according to European
standard EN 317 (1993). Sized specimens with 50 x 50 mm dimensions were weighed and their
thicknesses were measured with a level of accuracy of 0.01 g and 0.1 mm, respectively. WA and
thickness swelling percentages were estimates as follows:

wetweight —dryweight

WA (%) = 100 )

dryweight

1038



Vol. 64 (6): 2019

TS (%) =22 100 ®3)

where wet weight and 4, is the weight and thickness of the specimens after 24 h immersion in
water, while dry weight and &, their initial weight and thickness at equilibrium moisture content,
respectively.

The bending strength (MOR) and modulus of elasticity (MOE) of obtained bark-based
panels were characterized flatwise, using a universal testing machine Instron 5506 (three-point
bending), in compliance with the appropriate European Standards EN 310 (1993) at a speed of
10 mm'minl. Fig. 2 shows the loading scheme was used, red lines show the meshes under the
surfaces of the specimen.

Fig. 2: The loading scheme of MOR and MOE. Red line is the mesh under the surfaces of the specimen.

MOR and MOE were calculated according to the following equations:

_ 3 FnaxL
MOR = -mect )

_AF L3
MOE~ 1% "o ©)
where F,,,. is the maximum force at the time of rupture (N), L is the span between supports

(mm), 4 is the width of the specimens (mm), and d is the thickness of the specimens (mm), AF is
the load increment and Aa is the deflection increment rate.

The tensile strength perpendicular to the surface (internal bond) was determined by using
50 x 50 mm specimens from each panel according to EN 319 (1993), at a speed of 0.06 mm-min.
The maximum force (F,,,,) was calculated and internal bond strength (IB) was estimated using
the following formula:

— Fnax
B=-= (6)

where 4 and / are the width and the length of the specimens (mm), respectively.
In order to evaluate the differences between a one-way ANOVA analysis was performed
using the Statistical3 software. All data were checked for normality (Shapiro-Wilk test) and

homogeneity of variance (Levene’s test). Post hoc tests were conducted with Tukey’s HSD test
method.

1039



WOOD RESEARCH

RESULTS AND DISCUSSION
The results of the physical, thermal and mechanical characterizations are presented in Tab. 2.

Tab. 2: Physical, thermal and mechanical properties of internal reinforced bark-based panels, with
fiberglass mesh sheets.

| Control | M1 | M2
Physical properties
p (kgm3) 336.80 (+22.95) 372.68 (£30.93) 366.14 (+10.90)
EMC (%) 8.88 (+0.17) 9.66 (+0.30) 9.43 (x0.30)
WA (wt%) 218.37 (£28.03) 207.61 (+35.91) 182.73 (+18.37)
TS (%) 18.18 (+3.09) 16.83 (2.62) 15.83 (£1.43)

Thermal properties

7 (W-m LK) 0.067 (x0.004) 0.070 (x0.004) 0.069 (x0.001)
Mechanical properties

IB (N-mm-2) 0.04 (0.01) 0.05 (+0.02) 0.04 (0.02)
MOR (MPa) 0.54 (+0.17) 2.44 (x0.65) 2.10 (x0.31)
MOE (GPa) 0.28 (x0.08) 0.66 (+0.11) 0.63 (x0.07)

As expected, the bulk density of the reinforced panels was increased, due to the additional
layers of fiberglass sheets on both surfaces of the bark panels. Average moisture content of all
tested specimens was 9.32%, ranging between 8.9% and 9.7%. The thermal conductivity values
were found not to be statistically significant different, even though the mean values of the
reinforced panels were indicated to be slightly increased from 0.067 to 0.070 W-m1K-1.

In terms of static bending properties, MOR and MOE of reinforced bark panels displayed
improved performance than control specimens. The mean MOR of the M1 and M2 specimens
was 2.44 MPa and 2.10 MPa, respectively. Additionally, the MOE and IB values were observed
to be, around 0.65 GPa and 0.05 N-mm-2, respectively. The IB strength was found to be similar
and fairly low, including both reinforced and unreinforced panels. IB is considered to be related
to the weak binding strength points within a composite (Cai 2006). During the IB test, almost
all the examined specimens were failed in the surface layer of the panel, near the area of fiberglass
sheets. The fiberglass meshes sheets, were assumed potentially not to improve IB values, since
these were simply internally positioned and bonded together under hot pressing with the low resin
(4% UF) glued bark particles.
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Fig. 3: TS (%) and WA (%) values of the internal reinforced and unreinforced bark panels.
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As for thickness swelling, the highest values were obtained from the unreinforced panels,
while lower values were observed for M1 and M2 panels (7.43% and 12.93%), respectively.
Likewise, the WA values of the reinforced panels were also decreased by 4.93% and 16.32% for
the M1 and M2 sheets, respectively. This behavior may be explained, as it is already suggested in
compliance with the tensile strength differences between the used fiberglass sheets. Although, in
this case T'S values were not statistically significant different related to the unreinforced specimens
(Fig. 3). However, WA of the M2 fiberglass was found to be significant lower compared to control
specimens. Nevertheless, it seems that reinforced materials tended to slightly inhibit the water
absorption and as a consequence to restrain the swelling of the bark panels.

In general, the panels reinforced with the lower grid size mesh (M1) exhibited higher
variations in most of the physical and mechanical properties, such as MOR and TS compared
to the higher grid size (M2) mesh panels. This could be attributed to the higher tensile strength
in both warp and weft direction, occurring in the M2 fiberglass sheets. This hypothesis, was
further indicated regarding the dimensional stability changes, observed with T'S and WA values.
However, there were not demonstrated any statistical differences between the proposed fiberglass
sheets, as illustrated in Fig. 4.
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Fig. 4: Mechanical properties (MOR, MOE and IB values) of unreinforced and reinforced bark panels
(full circles are the averages, circle outlines are outliers).

Analogous tendency on MOR and MOE values were also indicated by Yeniocal et al. (2016).
In their study, they placed cord fabric, plaster mesh and polyester fabric of various densities and
sizes, between the surface and core-layer of a three-layer particleboard (10% UT resin, 700 kg-m-3)
made of vine pruning waste material. On the contrary in their case, the obtained IB strength
values of the reinforced particleboards were ranging from 0.064 to 0.498 N-mm.

CONCLUSIONS

The results acquired in this work revealed that the internal reinforced fiberglass mesh
sheets affected the mechanical performance of the bark panels. A reasonable improvement on
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the flexural strength and stiffness values was shown. However, internal bond and thickness
swelling values were found to remain low and not significantly differ from the unreinforced
specimens. Further research or modifications would be crucial to enhance the observed weak
binding strength of the overall composite and improve the adhesion force between the materials.
It was also determined that the fiberglass sheet with higher tensile strength and larger grid size
presented better performance in total, compared to the other sheet. Finally, the findings on
thermal conductivity values, demonstrate that the proposed panels could potentially be used as
interior, insulation boards.

ACKNOWLEDGMENTS

The present investigation was carried out as part of the "Sustainable Raw Material
Management Thematic Network — RING 2017” program, and part of the EFOP-3.6.2-16-2017-
00010 project within the framework of the Széchenyi 2020 Program. The financial support of
both the European Union and the European Social Fund is also gratefully recognized.

REFERENCES

1. Barbosa, J.C., Michelson, A.L.S., De Araujo, V.A., Gava, M., Morales, E.A.M., Garcia,
J.N,, Lahr, F.A.R., Christoforo, A.L., 2015: Medium density particleboard reinforced with
bamboo laminas. BioResources 10(1): 330-335.

2. Bardak, S., Sari, B., Nemli, G., Kirci, H., Baharoglu, M., 2011: The effect of décor paper
properties and adhesive type on some properties of particleboard. International Journal of
Adhesion & Adhesives 31: 412-415.

3. Barreca, F., Fichera, C.R.,2016: Thermalinsulation performance assessment of agglomerated
cork boards. Wood and Fiber Science 48(2): 96-103.

4. Boehme, C., Schulz, V., 1974: Behavior of GFK (glass-fiber reinforced plastic)-wood
sandwiches. Holz als Roh- und Werkstoff 32: 250-256.

5. Cai, Z., 2006: Selected properties of MDEF and flakeboard overlaid with fiberglass mats.
Forest Products Journal 56(11/12): 142-146.

6. Cheng, J.J.R., 1996: Glass fiber reinforced glued laminated wood beams. Canadian Forest
Service and Land and Forest Services. 8005A-4/147 ISBN: 0-662-25158-X

7. Christoforo, A.L., Do Nascimento, M.F., Panzera, T.H., Ribeiro Filho, S.LL.M., Lahr,
F.A.R., 2016: Homogeneous Pinus sp. particleboards reinforced with laminated composite
materials. Journal of the Brazilian Association of Agricultural Engineering (Engenharia
Agricola) 36(3): 558-565.

8. Deng, Y.H., Furuno, T., 2002: Study on gypsum-bonded particleboard reinforced with jute
fibers. Holzforschung 56(4): 440-445.

9. Domier, KW., O'Neill, P.H., Bach, L., 1991: Reinforcement and enhancement of aspen
strand panels with flax straw. Canadian Agricultural Engineering 33(2): 405. (Abstracts
of papers presented at the Canadian Society of Agricultural Engineering Conference,
Frederiction, NB, July, 1991).

10. EN 310, 1993: Wood-based panels — Determination of modulus of elasticity in bending and
of bending strength.

1042



Vol. 64 (6): 2019

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

EN 317, 1993: Particleboards and fibreboards — Determination of swelling in thickness after
immersion in water.

EN 319, 1993: Particleboards and fibreboards. Determination of tensile strength
perpendicular to the plane of the board.

EN 323, 1993: Wood-based Panels — Determination of density.

Fazeli, M., Kern, M., Hoffmann, G., Cherif, C., 2016: Development of three-dimensional
profiled woven fabrics on narrow fabric looms. Textile Research Journal 86(12): 1328-1340.
FAO 2015: Forest products 2009-2013. FAO Forestry Series No. 48 FAO Statistics Series
No. 204. ISBN 978-92-5-008811-2.

Kain, G., Barbu, M.C., Hinterreiter, S., Richter, K., Petutschnigg, A., 2013: Using bark as
a heat insulation material. Bioresources 8(3): 3718-3731.

Kavitha, M.S., Hariharan, S., Natarajan, R., 2015: The physio-mechanical property of
particle board from coconut coir reinforced with municipal solid waste. International
Journal of ChemTech Research 8(2): 760-767.

Korjenic, A., Petrinek, V., Zach, J., Hroudovi, ]J., 2011: Development and performance
evaluation of natural thermal-insulation materials composed of renewable resources. Energy
and Buildings 43: 2518-2523.

Liu, HW,, Xie, K.F., Hu, WW.,, Sun, H., Yang, SW., Yang, T'Y., 2013: Strengths of basalt
fiber reinforced fir sawdust panel. Advanced Materials Research, 821-822: 1159-1163.
Maloney, T.M., 1973: Bark boards from four west coast softwood species. Forest Products
Journal 23(8): 30-38.

Mohebby, B., Tavassoli, F., Kazemi-Najafi, S., 2011: Mechanical properties of medium
density fiberboard reinforced with metal and woven synthetic nets. European Journal of
Wood and Wood Products 69: 199-206.

Nemli, G., Colakoglu, G., 2005: The influence of lamination technique on the properties
of particleboard. Building and Environment 40: 83-87.

Pésztory, Z., Mohdcsiné, I.R., Béresok, Z., 2017: Investigation of thermal insulation panels
made of black locust tree bark. Construction and Building Materials 147: 733-735.

Pedieu, R., Riedl, B., Pichette, A., 2008: Properties of white birch (Betulapa pyrifera
Marsh.) outer bark particleboards with reinforcement of coarse wood particles in the core
layer. Annals of Forest Science, Springer Verlag/EDP Sciences 65(7): 701.

Rowlands R.E., van Deweghe R.P., Laufenberg T.L., Krueger G.P., 1986: Fiber-reinforced
wood composites. Wood and Fiber Science 18(1): 39-57.

Sam-Brew, S.A., Smith G.D., 2015: Flax and hemp fiber-reinforced particleboard.
Industrial Crops and Products 77: 940-948.

Saucier, R., Holman, J.A., 1976: Structural particleboard reinforced with glass fiber-
progress in its development. Forest Products Journal 25(9): 69-72.

Schneider, D., Gloy, Y-S., Merhof, D., 2015: Vision based on-loom measurement of yarn
densities in woven fabrics. IEEE Transactions on Instrumentation and Measurement 64(4):
1063-1074.

Sierra-Perez, J., Boschmonart-Rives, J., Dias, A.C., Gabarrell, X., 2016: Environmental
implications of the use of agglomerated cork as thermal insulation in buildings. Journal of
Cleaner Production 126: 97-107.

Smulski, S.J., Ifju, G., 1987: Flexural behavior of glass fiber reinforced hardboard. Wood
and Fiber Science 19(3): 313-327.

Spaun, F.D., 1981: Reinforcement of wood with fiberglass. Forest Products Journal 31(4):
26-33.

1043



WOOD RESEARCH

32.

33.

34.

35.

36.

37.

1044

Steinmetz, P.E., 1977: Resin system and glass reinforcements to improve dry-formed
hardboards. USDA Forest Service Research Paper FPL 284, 14 pp.

Theakston, F.H., 1965: A feasibility study for strengthening timber beams with fiberglass.
Canadian Agricultural Engineering, January, Pp 17-19.

Troger, F., Ullrich, M., 1994: Reinforcement of three-layer particleboards with retted flax
straw. Holz Roh- und Werkstoff 52(4): 230-234.

Wadje, P.R., 2009: Textile — Fibre to Fabric Processing. Journal of the Institution of
Engineers, Part Tx: Textile Engineering Division 90: 28-36.

Wang, G, Jiang, Z., Hse, C.Y., Shupe, T.S., 2009: Physical and mechanical properties of
flakeboard reinforced with bamboo strips In: Hse, Chung-Yun; Jiang, Zehui; Kuo, Mon-
Lin (eds.): Advanced biomass science and technology for bio-based products: Proceedings
of the meeting: 2007 May 23-25; Beijing, China. People’s Republic of China: Chinese
Academy of Forestry Pp 402-411.

Yeniocak, M., Goktas, O., Ozen, E., Gecgel, A., 2016: Improving mechanical and
physical properties of particleboard made from vine (Vitis vinifera L.) prunings by addition
reinforcement materials. Wood Research 61(2): 265-274.

Z0LTAN PAszTory, ZoLTAN BOrcsOk*, PETER ADAMIK, DiMITRIOS TSALAGKAS
UNIVERSITY OF SOPRON
InnovaTioNn CENTER
H-9400, Bajcsy-Zs. STR. 4.
SoproON
Hunecary
*Corresponding author: borcsok.zoltan@uni-sopron.hu



