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Abstract. The fracture toughness of particleboard should be evaluated when it was intended to use in the
structure system. Single edge notched beam (SENB) test method was employed to measure stress intensity
factor (SIF) of the internal middle layer of the PF and CTBN modified PF particleboard. Equal deflection
rigidity algorithm (EDRA) was used to homogenized the sandwich bi-material beam in order to make the
test procedure match ASTM E399-2017. The results shown that the optimized CTBN addition was among
8% to 12% and the improve ratio of SIF of the particleboard middle layer was 27.27 %. Owing to the
different broken mechanism, the tested fracture performance show more stability compared to the traditional
internal bonding (IB) test. But the fracture test strongly depend on the notched incision morphology.

1 INTRODUCTION
Owing to good processing property, superior bonding
performance, better water resistance, high endurance
quality and moderate price, the application of phenol
resin (PF) in wood based composites is very common[1-3].
And PF bonded wood based panels are mainly used in
the structure environment. As we know, the toughness
of the materials must be considered in the application of
structural engineering which affect the security of the
final products. However, the cured PF resin is very
brittle making the wood based composites lack of
toughness. A lot of research work has been done to make
the thermo-corsslinked PF resin more ductility.
Bismaleimide, cashew shell oil, linseed oil and so on
have been applied to modify PF resin, but the targeted
modification effect is not very nice[4-8]. Carboxylterminated butadieneacrylonitrile copolymer (CTBN)
has been used to improve the performance of PF resin
especially in the production of particleboard in this paper.
The bonding performance of particleboard is usually
measured by plane tensile strength. In order to better
characterize properties of composites, fracture toughness
has been recommended in this paper to quantitatively
describe mechanical performance in different direction
of the particleboard. The determination of fracture
toughness based on linear elastic fracture mechanics
approach (ASTM E399-2017) has been modified
because of the thickness of the composite is very limited.
So the aims of the paper is to explore the feasibility of
the fracture toughness test in the particleboard properties
evaluation and how the CTBN addition can influence the
final toughness of the particleboard. This interesting
research introduces new directions and methods to
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consider the wood based materials and provide base data
for broaden the application of particleboard.
1.1 Materials and methods
1.1.1 Materials and particleboards preparing
All the particleboards manufactured in the expriment
were based on the poplar (Populus sp.) particles with
about 0.1-0.3 mm thickness and 3-10 mm long. The
particles were first screened after be produced and dried
to 3-4 % moisture content. PF with a solid content of
45.15% was sprayed onto the surfaces of the particles
while the particles were rolling over. The viscosity of PF
was 255 mPa∙m and pH was 10.1 (25℃).
Carboxyl-terminated
poly
(
butadiene-coacrylonitrile) (CTBN) was purchased from Jingjiang
Tonggao chemical co.LTD. The effect of CTBN content
on the performance of the final particleboards were
studied with single factor experimental design. 4%, 8%,
12% and 16% weight percentage CTBN of the solid PF
was firstly mixed with the resin except the control group
and then be sprayed. the designed density of the
particleboard was 0.65 g/cm3 and the measured density
of the final board was among 0.63-0.67 g/cm3.
Considering the relatively small density differences, the
influence of the density on the fracture toughness was
neglected in this experiment. The solid resin (PF and
CTBN) content based on the dry particle weight was 8%.
the hot pressure process parameters were 180 ℃, 40
s/mm and the thickness of the particleboards were
controlled with a gauge.

Corresponding author: zhynjfu@njfu.edu.cn

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 275, 01021 (2019)
ACEM2018 and SBMS1

https://doi.org/10.1051/matecconf/201927501021

1.1.2 Fracture toughness test
The mode-I fracture toughness with the crack opening
along the middle layer which is the minimum density
part of the particleboard was tested by a sandwich three
point bend. The inter middle layer was also the
traditional internal bonding test part. Two pine bars
were bonded to the surfaces of the particleboard with
two component epoxy and the dimensional sets were
listed in table 1.

Fig. 1. The determine of FQ by 95% stiffness reduction.

Table 1. The dimension parameters of the SENB
samples.
Parameters

Descriptions

Value

w

Width

60 mm

h

Thickness

20 mm

L0

Total Length

300 mm

The bimaterial three point bending beam was
conversed into a single uniform pine wood beam by
equal deflection rigidity methods as described by Qizhi
Wang[9]. So the stress intensity factor (SIF) calculation
formula of ASTM E399 stanard is as follows:
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length

240 mm
145 mm

(2)

The upper limit SIF was tested and calculated with
only the height of the cross section was changed during
beam homogenisation[10-17]. The calculation formula is as
follows and the Ep3/Ew1 is 0.068. Ep3 is 416 MPa and Ew1
is 6130 MPa measured by acoustic method. Ep3 is the
elastic constant along the thickness of the particleboard.
Ew1 is the elastic constant in the wood fiber direction. the
two directions are in the length direction of the test beam.

10 mm
30±2 mm
50±4 %

A micro-band saw was used to machine the first 28
mm depth notch with 0.65 mm thickness band saw blade.
The top-most 2 mm was made by a sharp razor to ensure
the crack would be sharp enough so that an even sharper
crack will not result in significantly lower values of the
measured properties. So the total length of the pre-crack
is 30 mm which is 50% of the specimen width. All the
fracture toughness test procedure was operated according
to ASTM E399-2017 with the single-edge-notch bending
(show in fig.1). The determine of FQ is shown in fig.2.
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The lower limit SIF was tested and calculated with
both the height and thickness of the cross section were
changed in the same proportion. The calculation formula
is as follows:
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Fig. 1. The SENB test specimens under three point bending
and the homogenization diagram.
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The loading mount of CTBN in the PF bonded
particleboard system really has significant influence on
the final fracture toughness of particleboard interlayer.
The faracture toughness of particleboard firstly increased
as the CTBN added below 12%. When surpass 12%, the
performance almost had no change. So the optimised
CTBN mix amount was among 8% to 12% in the PF
bonded poplar ordinary particleboard and it is a effective
method to improve the toughness of wood based
composites when PF resin is used. The promotion rate
of the fracture toughness of the PF bonded particleboard
in this experiment reached 27.27 %.

2 Results and discussion

The internal bonding strength of the particleboard
was also measured and the results show that CTBN
addtion can not imporve the final IB strength. This is
because the traditional IB test depend on the defects in
the whole particlebaord. While, the SENB test was
contingent on the precrack state and the stress conditions
at the surroudning areas. And analyzed from the
coefficient of variation, the SENB test value was about
11 % which was less than 26 % of the IB test.

Fig. 2. The comparsion of Km, Ku and Kl .

A comparison of the calibration factors based on above
three methods is show in fig.2. As we can see, the K u is
very close to Km when a/w is more than 0.3 and that
totally include the range of the test scope. The difference
between Kl and the other two is higher and that will
influence the final test fracture toughness.
The middle, upper and lower SIFs measured by
SENB method modified by beam homogenisation are
shown in table 1. As we can see, the calculated middle
and upper SIFs are very close to each other and their
average difference ratio are less than 3.29 % compared
to the middle value. The significant difference between
them was checked by T test by SPSS 16.0 software and
the results show that there were no statistical
significance difference no matter whether CTBN added
amount was changed. this is because the elastic constants
of the particleboard along the thickness is only 6.79 % of
the pine in the wood fiber direction and the elastic
constants difference have a distinct influence on the final
middle, upper and lower tested SIFs. But the measured
lower SIFs only about 50% of the other two vaules also
owing to the big elastic constants to produce the SENB
test beam.
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