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Abstract

Medium density fiber board is one of the wood composites used widely in furniture
industry. Therefore, strengthen of medium density fiber board is needed. Sandwiched
material is manufactured by inserting medium density fiber board between the glass fiber
reinforced laminates as sandwich. Finite element model is built to predict mechanical
properties of sandwiched medium density fiber board in tension and bending. The
simulation results are in good agreement with the experimental data.

1. Introduction

Fiberboards are composite wood-based material made from lignocellulosic fibers
bonded together by synthetic resin under pressure and heat. Medium Density Fiber
(MDF) boards are distinguished with their good machining, edge-screwing and painting
properties. MDF is one of the wood composites most widely used in housing furniture
[1].

Umit Biiyiiksar1 et al. [2] evaluate some of the physical and mechanical properties of
medium density fiberboard (MDF) panels laminated with veneer sheets compressed at
different levels of pressure and temperature. They illustrated that both modulus of
elasticity (MOE) and modulus of rupture (MOR) of the specimens increased with
increasing pressure and press temperature. Bending characteristics of the samples tested
parallel to the grain orientation resulted in significantly higher values than that
perpendicular to the grain orientation for each manufacturing parameter.

Li X et al. [3] in their work, soybean protein was modified with sodium dodecyl
sulfate (SDS) as an adhesive for wood medium density fiberboard (MDF) preparation.
They obtained results showed that IMC of coated fiber was the dominant influencing
factor and also mechanical and soaking properties improved as IMC increased.

A new sugarcane fiber modification was carried out to increase the fiber-phenolic
polymer interactions at the interface[4-9]. This modification was based on a selective
oxidation of some chemical additive. These chemical can bring some preservation
against biological degradation in wood protection[5].

Sugiarto and Darsono [10] conducted surface coating of MDF using epoxy resin either
for pigmented coatings and clear. Titanium dioxide was used for white pigmented
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coatings. Experimental results showed that abrasion
resistance and pendulum hardness slightly increased whereas
transparency, gloss and adhesion resistance decreased with
increasing coating thickness, Whereas, solvent, chemical and
stain resistance remain similar. In general, clear coating
provides better properties than pigmented coating.

Hoarecau et al [11] made modification for sugarcane
bagasse fibers chemically. Oxidation with these chemical
solvent lead to create polymer quinones or muconic
derivatives. Their results shown that to ensure good
interaction between the fibers and the resin it is important to
apply pressure during the curing and the necessity to dilute
the lignin phenolic pre-polymer.

Hassan et al. [12] investigates fracture toughness of
composites laminates using finite element method through j-
integral calculation. Their results were in good agreement
with the experimental ones. The main goal of the present
study is to build Finite element model to predict the strength
properties in both tension and bending and compared it with
the experimental study.
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2. Constitutive Equations

The mechanical behaviors of the produced sandwich are
linear. The elastic values for medium density fiber board and
glass fiber reinforced laminates are listed in Table 1.
Therefore, Finite element model is based on simple theories
of elastic failure and hook’s law.

The total stress is defined from the total elastic strain as
[13]:

g = Deleel

Where(0') the total is stress (“true,” or Cauchy stress in
finite-strain problems), Dis the fourth-order elasticity tensor,
and £®is the total elastic strain (log strain in finite-strain
problems). The material for all composites phase is assumed
isotropic. The stress-strain relationship for isotropic elasticity
is given by [13]:

£11 1/E —-v/E —v[/E 0 0 0 o1
£92 —V/E I/E —V/E 0 0 0 a9
£33 -v/E —v/E 1/E 0 0 0 033
Y12 0 0 0 1/G 0 0 T19
713 0 0 0 0 I/G 0 a3
o3 0 0 0 0 0 l/G 093

The elastic properties are completely defined by giving the
Young's modulus, E, and the Poisson's ratio, (v). The shear
modulus, G, can be expressed in terms of E and (v) as:

G=E/2(1+7v))

MDF plate

a) Tension domain

3. Finite Element Domain and
Meshing

b) Bending test domain

Fig. 1. Finite element domain a) Tension b) Bending
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b) Bending mesh

a) Tension Mesh

Fig. 2. Mesh domain for a) tension specimen b) bending specimen

Fig. 3. Shows interaction module

Y direction only

Constrained

b) Bending specimen

a) Tension specimen

Fig. 4. Boundary condition a) tension test b) bending test
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Fig. 5. Interaction between supporting and load roller

Finite element numerical model is created to simulate the
tensile and bending behavior for sandwiched medium density
fiber board. 3D 8-node brick elements (C3D8R) are used.
The material properties for studied material are taken from
simple tensile and tree point bending test and are listed in
Table 1. The displacement control loading technique is used
with swept meshing technique. The material for MDF only is
given properties while the laminates are assembled for MDF
by interaction module and are given other properties. It is
tied with the MDF plate in both sides. Fig. 1 shows finite
element domain while Fig. 2 shows domain with mesh for
both tests. Fig. 3 shows interaction modules for composite
plate.

It is given displacement in (y) direction for upper end of
the composite plate while constrained in other two directions
(X, Z axis) for tension test to simulate the actual case of test.
For three points bending test the roller supports is completely
constrained while the loading roller is given displacement in
y direction only. The interaction between roller and the plate
is considering panty friction with nearly 0.3 values. Fig. 4
shows Finite element domain boundary conditions. Fig. 5
shows interaction modules for roller.

Table 1. Elastic properties of sandwich constitutes
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Fig. 6. Stander tensile test specimens (dimension in mm)

< L2 N
Young modules Passion ratio

MDEF 450 MPa 0.3 T
Laminates 2500 MPa 0.3 50
Experimental Validation = l

The produced specimens are tested in tension and bending ¥
according to according to ASTM D3039 and ASTM D790 — t
10 test standard [14, 15] respectively. The tensile specimens ¥

are of dimension shown in Fig. 6, whereas bending
specimens are of dimension shown in Fig. 7. All testing are
carried out at wuniversal testing machine (Model
MachineWDW-100) of load capacity 200 KN and at a
controlled speed of 2 mm/min.

Fig. 7. Stander three point bending test specimen (dimension in mm)

4. Results

Fig. 8 show wvalidation between finite element and
experimental results, it is observed that the simulation is in
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good agreement with the experimental results especially at
the beginning of the test. Fig. 9 shows the relation between
load deflections in three point bending test, it is clearly
observed the good agreement between the supposed model

50

and the experimental results. The failure model is clearly
shown in contour image which are shown in Fig. 10 and Fig.
11, for von-mises stress and total displacement of the domain
under test.
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Fig. 8. Stress Strain curve validation
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Fig. 9. Load vs. deflection relation validation
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a) Von-Mises stress in tension

Fig. 10. Von-misesstresses prediction in a) tension test b) bending test

b) Von-Mises stress in bending
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U, Magnitude
+1.000e+01
+9.167e+00
+8.333e+00

+7.500e+00
+6.667e+00
+5.833e+00
+5.000e+00
+4.167e+00
+3.333e+00
+2.500e+00
+1.667e+00
+8.333e-01

+0.000e+00

U, Magnitude

+1.519e+01
+1.393e+401
+1.266e+01
+1.140e+01
+1.013e+401
+8.863e+00
+7.597¢+00
+6.331e+00
+5.065¢+00
+3.799¢+00
+2.532e+00
+1.266e400
+0.000e+00

a) Displacement in tension
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b) Displacement in bending

Fig. 11. Finite element displacement prediction in a) tension test b) bending test

5. Conclusion

The study completely described finite element model to

simulate mechanical properties of sandwiched medium
density fiber board. The model is in good agreement with the
experimental results for both tension and bending test results.
This model is simple and consider as a fast model for
calculating the strengths of such sandwiches material having
different material.
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