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Abstract

Aim of study: This study aimed to determine the effects of glass fiber reinforced polymer
(GFRP) and adhesive type on the diagonal compression and tensile strength in L-type corner
joints connected by a wood biscuit.

Material and Methods: Medium density fiberboard coated with melamine plate (MDF-Lam),
wood biscuit with a size number of 20 as the joining member, GFRP for strengthening purposes,
and epoxy adhesive, polyvinyl acetate (PVAc-D4), polyurethane (PU-D4) as adhesives were
used. The diagonal compression and tension tests were carried out under static load according to
ASTM-D1037 standards.

Main results: Results indicated that using GFRP significantly increased the diagonal
compression and tensile strength of L-type corner joints connected by a wood biscuit.

Highlights: It is recommended to use the combination of GFRP and epoxy adhesive to have
better compression and tensile strength in the corner joints made of MDF-Lam.
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Cam Elyaf Kumas ile Desteklenmis Kose Birlestirmelerde Egilme

Moment Direnci

0Oz

Calismanin  amaci: Bu c¢aligmada, ahsap biskiivilerle birlestirilen L tipi kose
birlestirmelerinin cam elyaf kumas (GFRP) ile giiclendirilmesinin diyagonal ¢ekme ve basma
kuvvetine olan etkileri belirlenmesi amaglanmugtir.

Materyal ve Yontem: Deney Orneklerin hazirlanmasinda melamin plaka ile kaplanmig orta
yogunlukta lif levha (MDF-Lam), birlestirme elemani olarak 20 numara ahsap biskiivi,
giiclendirme amaciyla GFRP ve yapistirici olarak polivinilasetat (PVAc-D4), politiretan (PU-
D4) ve epoksi tutkallar1 kullanilmigtir. Deneyler ASTM-D1037 standartlarina gore statik yiik
altinda gerceklestirilmistir.

Sonuglar: L tipi kose birlestirmelerin dis kisminda kullanilan GFRP’nin egilme moment
direncini 6nemli derecede artirmustir.

Onemli Vurgular: Cekme ve basma kuvveti etkisindeki MDF-Lam dan yapilmis kose
birlestirmelerinde GFRP ve epoksi tutkalinin beraber kullanilmasi 6nerilmektedir.

Anahtar kelimeler: Yapistirici, Cekme ve basma direnci, Epoxy, PVAc, PU, Ahsap biskiivi
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Introduction

Furniture used in the residences and
offices experience various forces directly or
indirectly according to their places of use,
which can result in the deformation of
furniture, such as openings and crushing or
cracking at any joining areas of furniture
members. From this viewpoint, Smardzevski
(2002) declared that the main reason for this
kind of deformations were caused by the
technological problems occurred during the
gluing and assembling process. Some other
factors such as type of wood and wood-base
materials, moisture level, surface
smoothness, adhesion direction (tangential-
radial), density, and surface penetration
along with adhesive type also affected the
deformations as having mechanical stresses
at the corner joints (Rowell, 2005; Karaman,
Giiven, Yesil & Yildirim, 2017; Zhang and
Eckelman, 2002). The destructive forces
affecting corner joints can cause the furniture
to undergo deformation over time.

Various joining members are used in
corner joints of furniture members one of
which is wood biscuit. The diagonal channels
of wooden biscuit lamella, which were
formed by compression during the
production phase, were made to distribute the
adhesive homogeneously on the surface of
the Dbiscuit lamella. In addition, the
compressed state of the plates ensured that
biscuit lamella was swelled by the moisture
of the adhesive and was tightened in the
furniture members (Celikel, 2006). Demirel
(2008) performed compression and tension
tests in the corner joints of box type furniture
joined with dowel, treenail, wood biscuit
along with polyurethane, PVAc-D3, and
PVAc-4 adhesives in MDF and PB. In the
same study, it was reported that the biscuit
joints performed better than the other joining
members. In the case of comparing the
adhesive types, the PVAc-D4 adhesive
showed better performance under both
compression and tension tests than the other

adhesive types.
A considerable amount of research has
also been conducted to improve the

mechanical properties of structural wood and
wood-based material using reinforcement
materials. These reinforcement materials
have been employed in the form of steel
plates, aluminum plates, high strength steel
wire, stressed steel plates, fiber reinforced
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polymers (FRP) such as carbon, aramid and
glass fibers (Plevris and Triantafillou, 1992;
Anshari, Kitamori, Jung, Komatsu & Guan
2011; Nikolaos and Thanasis, 1992; Claisse
and Davis, 1998). One of these studies
reported the wusage of fiber-reinforced
polymers increased the strength, stiffness,
and ductility characteristics of wood beams
(Plevris & Triantafillou, 1992). The size of
the members in the wooden structure design
depends on the appropriate joining details. In
the studies carried out, it was stated that the
high performance of joining members of the
designed wooden structures was possible
with increased strength against tensile forces,
and this, in turn, was possible by
strengthening  these parts with fiber
reinforced plastics (Akgiil, 2007). Another
study based on the reinforcement of timber
beams reinforced with pultruded glass fiber
reinforced polymers (GFRP) element. The
results of this study indicated that there was
significant improvement in flexural stiffness
and capacity compared with unreinforced
timber. Nikolaos & Thanasis (1992) studied
on the effect of mechanical properties of fir
wood reinforced with carbon/epoxy fiber-
reinforced plastics (CFRP). The results
showed that the mechanical properties of the
fir wood were significantly increased with
CFRP. The diagonal compression and tensile
strength of L-type furniture corner joints
supported by particleboard and GFRP were
examined. It was stated that, according to
experimental results, glass fiber reinforced
material bore more diagonal compression
and tensile force than the control specimens
(Yerlikaya, 2012).

Claisse & Davis (1998) studied on the
high performance joining systems of wood.
The specimens prepared by wrapping the
joining areas of different length with glass
fibers were subjected to tension test. They
reported that these strengthened specimens
exhibited very high performance during
tension and wunit deformation. Some
important technological features, such as
bending resistance, modulus of elasticity,
tensile-shear resistance, shock resistance,
density, thickness swelling, and water
absorption, were determined for the glass
fiber reinforced laminated veneer lumber.
According to the test results, the intensity of
glass fiber fabric reinforcement significantly
increased the modulus of elasticity and shock
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resistance, and reduced the tensile-shear
resistance, the percentages of thickness
swelling and water absorption (Bal and
Ozyurt, 2015).

It was determined that the laminated
wood material reinforced with PU-based
adhesive and GFRP has 52% better static
bending resistance than the control
specimens (Mistak, 2013). The mechanical
properties of some laminated materials
produced with GFRP were studied.
According to the results of the tests, the
modulus of elasticity and the bending
strength of these reinforced specimens were
reported to increase (Osmannezhad, Faezipour
& Ebrahimi, 2014).

Therefore, the objectives of this study
were to investigate the effects of GFRP and
adhesive type on the compression and
tension behavior of L type corner joints made
of MDF-Lam.

Materials and Methods
Materials and design of joint specimens
The configuration of the L-shaped corner
joint specimens is shown in Figure 1. In
general, each specimen consisted of two
principal structural members, an edge
member (Member A) and a face member
(Member B), jointed by a wood biscuit. All
the specimens were constructed of 18-mm-
thick MDF-Lam used extensively in furniture
industry. The dimensions of members were
132 mm in length by 100 mm in width for
Member A and 150 mm in length by 100 mm
in width for Member B. A hole for the wood
biscuit was drilled into the Member B at a
point midway across 100 mm joining face at
a point 9 mm from its edge, perpendicular to
the face. A corresponding hole was drilled in
the center of one edge of the Member A
perpendicular to the face of that edge. The
holes in the members and sides of the wood
biscuit were cleaned with compressed air to
have better bonding before applying the
adhesives. Solid wood biscuits (No.20) made
of oriental beech (Fagus orientalis) were used
in this study. The dimensions of the biscuit
were 60 mm in length by 24 mm in width by
4 mm in thickness.
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Figure 1. General configuration of the test
specimen (cm).

The specimens were separated into two
groups in one half of which the specimens
were reinforced with GFRP with a density of
300 g/m? with the size of 15 x 10 cm used as
strengthening material (Figure 2). There was
no reinforcement material used in the
remained half of the specimens which
recorded as control specimens. In both
groups, three different types of adhesives
(PVAc-D4, PU-D4 and epoxy adhesive)
were used to assemble the members. The
adhesives were applied in the walls of the
holes and the sides of the wood biscuit prior
to insertion of the wood biscuits. The wood
biscuits were firstly inserted in the Member
B and then Member A. All specimens were
cold pressed under a pressure of 0.2 N/mm?.
The assembled specimens were kept at 20 +
2 °C and 65 £ 5% relative humidity until the
test time.
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b)
Figure 2. a) Wood biscuit, b) Glass Fiber
Fabric (GFRP)

Experimental design

A complete two-factorial experiment was
conducted to evaluate effects of corner joint
type and adhesive type on compression and
tension strength of the joint. Ten replications
per combination were tested so that a total of
120  specimens were subjected to
compression and tension loading.

Method of loading and testing

The maximum compression and tensile
strength of the test specimens at fracture
point were recorded in terms of Newton (N).
The ultimate load resistance of the joints was

defined as load resistance at failure. In
compression and tension tests (Figure 3-a
and b), the values of the ultimate load
resistance were converted to corresponding
bending moment resistance values by means
of the equations below (Zhang and Eckelman
1993);

Equation 1. The ultimate bending moment
resistance in compression (N-m)
M. = 0.080601 X Faxc

Equation 2. The ultimate bending moment
resistance in tension (N-m)
M; = 0.09334 X 0.5Faxp

Where:
M, and M; = the ultimate bending

moment resistance in compression and
tension, respectively (N-m)
Fraxe and  Foaxp  —applied  for

compression and tension respectively (N)

All test joints were performed on a
Universal Testing Machine. For the
compression test, specimens were placed
between the machine head and the tabletop
of the testing machine and loaded to failure
(Figure 4-a). In the case of tension test, both
members of the joint specimens were placed
on the rollers to move freely so that the joint
was forced to failure (Figure 4-b). The
loading speed was set to 10 mm/min.

Figure 3. Cross sectional measurements (cm) and loading form in (a) diagonal

compression test, (b) diagonal tension test
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Statistical analysis

General linear model (GLM) procedure
for a two-factor analysis (ANOVA) was
performed to analyze two main effects and
their interactions on means of bending
moment in compression and tension strength
in the joint. This procedure was followed by
the protected least significant difference
(LSD) multiple comparison procedure to
compare means based on the significance of
the interaction between the factors, otherwise
significance of main effects. All statistical
analyses were performed at the 5%
significance level.

Results and Discussion

Table 1 summarizes mean bending
moment resistance for compression and
tension tests of the L-type corner joint with
wood  biscuit inserted within each
combination of adhesive and corner joint

type.

b)
Figure 4. (a) diagonal compression test; (b) diagonal tension test

Mean comparisons for compression and
tension tests

In general, the results indicated that the
joint loaded in tension had almost greater
resistance than the corresponding ones in
compression with the ratio from 1.73 to 2.07
for the control joints and from 1.68 to 1.95
for the joints reinforced with the GFRP.
ANOVA results for both compression and
tension test showed that the two-way
interactions between corner joint type and
adhesive type were statistically significant
with a p value of less than 0.0001. The
coefficient determination values, r?, were
0.95 and 0.97 for compression and tension
tests, respectively. The results were based on
a one-way classification created with 12
treatment combinations in total with respect
to the two-way interaction and mean
comparisons among these combinations
using LSD value of 4.26 and 6.25 N'm
compression and tension tests.

Table 1. Mean bending moment resistance (N-m) for compression and tension tests of the L-
type corner joint with wood biscuit inserted within each combination of adhesive and corner

joint type.
- Average Bending Moment .
Corner joint Adhesive Resistance Ratio
type T/IC
Compression (C)  Tension (T)
Polyurethane Adhesive (PU-D4) 27.79 (12)* 50.13 (8) 1.80
Control joint Polyvinyl acetat]e) i\)dheswe (PVAc- 22.18 (15) 38.44 (14) 1.73
Epoxy Adhesive 45.72 (6) 94.68 (9) 2.07
Polyurethane Adhesive (PU-D4) 48.84 (15) 82.29 (7) 1.68
Joint with Polyvinyl acetate Adhesive (PVAc- 42.29 (14) 70.66 (12) 1.67
GFRP D4)
Epoxy Adhesive 82.05 (5) 160.01 (4) 1.95

* Values in parentheses are coefficients of variance (%)



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2018, 18 (3): 350-356 Yildirim et. al
Kastamonu Univ., Journal of Forestry Faculty

Corner joint effects GFRP was statistically higher than the ones
In general, mean bending moment in joint with no reinforcement material used
resistance for both compression and tension in the connection. This trend obtained in all
loads in the corner joint reinforced with adhesive types.

Table 2. Mean bending moment resistance (N-m) for compression test for corner joint within
each adhesive.

Corner joint

Adhesive Control joint  Joint with GFRP
PU-D4 (27.79) B (48.84) A*
PVAc-D4 (22.18) B (42.29) A
Epoxy Adhesive (45.72) B (82.05) A

*Means in each row not followed by a common letter are significantly different from one another.

Table 3. Mean bending moment resistance (N-m) for tension test for corner joint within each
adhesive.

Corner joint

Adhesive Control joint  Joint with GFRP
PU-D4 (50.13) B (82.29) A*
PVAc-D4 (38.44) B (70.66) A
Epoxy Adhesive (94.68) B (160.01) A
*Means in each row not followed by a common letter are significantly different from one another.
Adhesive effects internal fiber bond strength (cohesive
In general, the epoxy adhesive applied strength). It can be argued that the high
corner joints had higher mean bending performance of the epoxy adhesive is due to
moment resistance than the PU-D4 and the fact that, at the molecular level, it
PVAc-D4. When comparing the PU-D4 rapidly penetrates into the outer surface and
and PVAc-D4, the mean bending moment hole of the wooden biscuit, adheres to
resistance was lower in PVAc-D4 than the surface voids, and forms a strong adhesion
ones in PU-D4. This can be explained by surface in these regions.

the difference of adhesives'

Table 4. Mean bending moment resistance (N-m) for compression test for adhesive within each
corner joint.

Corner joint Adhesive
PU-D4 PVAc-D4  Epoxy Adhesive
Control joint (27.79) B (22.18) C (45.72) A*
Joint with GFRP  (48.84) B (42.29) C (82.05) A

*Means in each row not followed by a common letter are significantly different from one another.

Table 5. Mean bending moment resistance (N-m) for tension test for adhesive within each
corner joint.

Corner joint Adhesive
PU-D4 PVAc-D4  Epoxy Adhesive
Control joint (50.13)B (38.44)C (94.68) A*
Joint with GFRP  (82.29)B  (70.66) C (160.01) A
*Means in each row not followed by a common letter are significantly different from one another.
The higher performance of the epoxy other adhesives, and a strong specific
adhesive can be attributed to the increased adhesion of the adhesive and the material
elasticity of the epoxy adhesive, which molecules in these regions leads to a stronger
enhances the molecular bonding of the wood mechanical bonding surface.

biscuit surface and the biscuit hole surfaces
to the adhesive. The adhesive penetrates into
the surface cavities deeper and faster than
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Conclusions

In this study, the diagonal tensile and
compression force values of “L” type corner
joints made of medium density fiberboard
(MDF-Lam) coated with melamine plate and
reinforced with GFRP were examined based
on two factors. These factors were joint type
(control joint and joint with reinforced
GFRP) and adhesive types (PVAc-D4, PU-
D4 and epoxy adhesive). GFRP reinforced
specimens were found to perform better than
the specimens that were not reinforced with
GFRP in compression and tension tests. The
results also indicated that using epoxy
adhesive in the wood biscuit joints with
GFRP on the out-corner showed higher
performance than the corresponding ones
with PU-D4 and PVAc-D4 in compression
and tension tests.
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