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In order to clarify the acoustic emission (AE) characteristics during tensile tests conducted
perpendicular to the plane of particleboard; we used a notch in the central portion of the
thickness direction of the testing specimen designed for this study. We tested handmade parti-
cleboards representing a range of particle sizes, densities and resin contents for tensile stress
while monitoring AE events. Two AE sensors (resonant frequency: 140kHz) were mounted on
the opposite faces of the test specimen. The location of each AE sensor at the center of the
specimen was about 1 mm from the crack in the particleboard. We examined the influence of
the internal structure factors on the behavior of AE generation during tensile tests.

The tensile strength of the particleboard was affected by particle size, board density and
resin content. Results indicated that the higher the tensile strength, the greater the cumulative
AE event counts (T,s) monitored, which suggests that Tz is involved in the internal structure
factors, since tensile strength is closely related to 7. The difference in measuring distance
from the AE sensor to the fracture point significantly influenced the effective AE signal
detected. The detected signal was attenuated because the distance in the internal bond tests
was farther than that in the tensile tests. The load level at failure (P....) was significantly related
to the load level at the initiation of AE generation (P;) in the tensile tests. The negative
tendency of this ratio (£,), the stress level at the initiation of AE generation (0;) to that at
failure (internal bond strength), becarne clear in the P, or T values.

INTRODUCTION

Particleboard (PB), a wood-based material, has been widely utilized in many
industrial and domestic applications, such as the structural members in furniture or in
architecture. If can be manufactured to different specifications or qualities for various
applications. The performance of PB is governed by the properties of the wood species,
the adhesive used, the manufacturing strategy and the production process (Kollomann et
al., 1986). PB testing during manufacturing and prior to use is an area of special impor-
tance. We have designed a test involving the fastening of PB internal structures to
determine the tensile strength perpendicular to the plane (internal bond strength), which
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plays an important role in detailed PB analysis and provides direct information about the
adhesion of the wood particles.

Acoustic emission (AE) techniques have for many years been considered the prime
candidate for structural health and damage monitoring in loaded structures. They offer
the user a number of inherent advantages, including continuous sensitivity in monitoring
capabilities and the possibility of examining the entire volume of a structure. The
increasing use of composite materials in loaded structures and their complex damage
development has created a need for an efficient and reliable testing technique that can be
used during the service life of these materials (Miller et al., 1978 and Surgen et al., 2000).
Moreover, AE techniques clearly have the potential to serve as a continuous damage
detection technique for composites and are one of the most effective methods for
determining the relationships between the mechanical properties and internal structure
of material (Fujii, 1997).

In order to evaluate the relationship between the AE and internal bond (IB) strength
of wood-based composite panel materials (Beall, 1985) as well as the effect of internal
structure factors on particleboard (Lin et al., 1994 and Fujimoto et al., 1997), we
investigated AE generation during tensile tests perpendicular to the plane. We obtained
basic information on the fracture mechanism of wood-based materials and PB during IB
tests with AE monitoring. Fujimoto et al. noted that the higher the IB strength, the
greater the cumulative AE event counts (7.:) monitored, suggesting that internal
structure factors were related to the IB strength. The ratio (R.) of the stress level at the
initiation of AE generation (0) to that at failure (IB strength) was negatively correlated
to both IB strength and T, Beall reported that density correlated well with IB strength
for any of the materials (PB, MDF and OSB), and with AE only when density was related
to bond quality.

The AE signals detected in the IB tests were not AE generation at the fracture point
(source). This was the AE signal during IB tests transmitted through the internal parts of
the PB specimen that were detected by the AE sensor mounted on the surface of the
loading block. Therefore, the AE generated at the fracture point during tensile tests in
the thickness direction of PB remained to be examined. The objective of our research
was to investigate AE generation at the fracture point and the development of minute
fractures on various internal structure factors. We examined a test specimen, with a
notch in the central portion of the thickness direction, using an AE monitoring system
during tensile tests. This specimen shape was similar to the shape used to test fracture
toughness, though the purpose of this study was not to measure fracture toughness. This
study examined the AE generated by the tensile load. We measured the influence of the
internal structure factors (particle size, board density and resin content) in the PB under
tensile examination with AE signal monitoring.

MATERIALS AND METHODS

The single-layer particleboards were manufactured in the laboratory with phe-
nol-formaldehyde adhesive (Oshika Shinko Co., Ltd. PB-1310) hot pressed at 30 kgf/cm?
and 180°C for 12min, with two 20 mm distance bars, based on the variable manufacturing
factors shown in Table 1.
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Table 1. Various manufacturing conditions of particleboard.

Variable Particle size !
factors (mesh) On 8, 8 to 12, 12 to 24, and Through 24
Board density
(nomjnal) 05, 06, and 0.7 (g/cma)

Resin content

(dry solid basis) 5,8, and 11 (%)

Unit: mm [Specimen size: 50*10*20 mm)
K4
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Fig. 1. A diagram of the test specimen for detecting AE at the fracture point.

A sample test specimen and the AE sensor locations are shown in Fig. 1. All test
specimens were cut into 50 * 10mm pieces. A notch 24mm in length was cut into the
central portion of the thickness direction using a band saw with 2mm width. The test
specimens before the tensile tests with AE monitoring were conditioned to an equilibrium
at 20°C with 65% relative humidity (RH) for about four weeks. A 1mm crack was made
at the bottom of the notch using a razor blade before the tensile tests. Two AE sensors
(NF Corporation, AE-901S, 140kHz), 12mm in diameter, were located on the opposite
faces of the test specimen. The AE signal was measured during the tensile tests.

The AE monitoring apparatus and the tensile tests perpendicular to the test specimen
plane are illustrated in Fig. 2. The two AE sensors were close to the specimen center,
about 1 mm from the crack. Wax was used to adhere the AE sensors to the specimen. A
tensile test was conducted using a universal testing machine (Shimadzu Corp.,
AG-100KNE) at a loading speed of 0.1 mm/min. Both AE signals detected during tensile
tests were individually amplified by 40dB using two preamplifiers (NF Corporation,
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Fig. 2. Diagram of tensile test perpendicular to the plane of the test specimen, con-
tained with the aid of the AE monitoring system.
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AE-912). The AE testing system (NF Corporation, 9406) was again amplified 20dB by
the main amplifier and discriminated at a threshold level of 300mV after using a 100 kHz
to 1.0 MHz band pass filter. The load was recorded from the beginning until the failure on
a recorder (Shimadzu Corp., AR-6422). The load level at the initiation of AE generation
(Ps) until the loading level at failure (P...) and the analysis of AE signals during the
tensile tests were obtained from a computer. We examined the behavior of AE during the
tensile tests due to the influence of particle size, board density and resin content using
the parameters, P.., Pc and T (Fujimoto et al., 1997). The AE amplitude distribution as
one of the parameters was analyzed with the load level set as well.

RESULTS AND DISCUSSION

Effect of particle size on tensile strength

The influence of particle size on the IB strength and tensile strength in the thickness
direction of the PB is shown in Fig. 3. There was a tendency for IB strength to increase as
the particle size became larger. This was the same as a result we obtained previously
(Fujimoto et al., 1997). The total particle surface areas increased when the particle size
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Fig. 3. Comparison of the IB strength with the tensile strength for particleboard speci-
men with various particle sizes.
Symbols: CJ: Tensile tests (256%10 mm)
===1: IB tests (50*50mm)
Note: Specimen size: length * width.

became smaller, and the PB manufactured with smaller particles under the same resin
content consisted of total bonded areas with insufficient or/and no resin. However,
tensile test results showed that the PB made with 12 to 24 mesh particles had a higher
tensile strength and that the PB with larger particles (on 8 and 8 to 12 mesh) had low
tensile strength. This suggests that the area (bonded area and void area) of a testing
specimen (about 24 * 10mm) in this experiment was small compared with the area of a
specimen (about 50 * 50mm) in the IB tests. Therefore, the influence of the voids
between the particles was remarkable in the case of PB made with larger particles
because the bonded area was small for the testing specimen we used in this study.

Particle size effect on tensile stress and AE

AE generation at the fracture point during tensile tests in the thickness direction for
PB specimens with various particle sizes is shown in Fig. 4. Both the P,..-and T had the
same tendency: the PB made with 12 to 24 mesh particles had the highest P,.. and T,
followed by the PB made with 8 to 12, through 24 and on 8 mesh particles in that order.
These findings suggest that the bonded areas and voids are involved in the tensile
strength and the AE signals detected, because the bonded area is significantly related to
the tensile strength (IB strength) (Han Chien Lin et al., 1994 and Fujimoto et al., 1997).
In other words, the higher the tensile strength, the greater the Tz, which suggested that
T changed corresponding to. the load level (P..) in this tensile experiment. This was
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Fig. 4. Effect of particle size on P,.., T and R, for particleboard specimens.

the same result as that obtained in a previous study (Fujimoto et al., 1997) in which the
IB strength was closely related to Txe. This therefore indicated that T is related to the
particle size, because the particle size influences the P.... As shown in the bottom of Fig.
4, R, shows a negative tendency of P.. and T.. This indicates that the P; value is
significantly related to the P.., value. That is, AE at the fracture point generated later for
the board with a higher tensile strength (that is, a larger Pua.).

Handmade PB was manufactured using particles 8 to 12 mesh at a density of 0.7 g/cm?
with phenol-formaldehyde adhesive at 8% resin content. The P... and T in the IB tests
and the tensile tests were compared according to the distance from the fracture point to
the AE sensors. The P... and T4 values obtained from each test were normalized (Fig. 5).
Results indicated that AE events in tensile tests became larger than that in IB tests at the
same load level. In tensile tests the measuring distance from the fracture point to the AE
sensor should be small, which suggests that the AE signal is attenuated because the
distance from the fracture point to the AE sensor in the IB tests was farther than that in



Acoustic Emission Measurement of Particleboard 109

1.0
s 08F
5
%
% 0.6}
o]
804
E
zo 02F

bo--"] |
08002 04 06 08 1.0

Normalized load

Fig. 5. Relationship between normalized load and normalized AE events for parti-
cleboard with the particle size of 8 to 12 mesh.
Symbols: ——: AE detected directly at the fracture source (point) by tensile tests
in this study.
- == AE detected indirectly on the loading block by IB tests from the previous

paper.

the tensile tests (Lin et al., 2001).

Amplitude analysis on AE signals for various particle sizes

Amplitude analysis is one of the most common means of evaluating AE signals when a
material undergoes deformation. In general, the amplitudes of the voltage signals
detected from the AE sensor are potted as a distribution and then compared with the load
level (Miller et al., 1978 and Surgen et al., 2000). The influence of particle size on AE
event, amplitude and load for PB specimens in varying particle sizes is shown in Fig. 6.
The amplitude distribution at each 0.5kgf in the load range was analyzed. Results
indicated that the same tendency was present for each particle size of board. Both the
large and small amplitude increased as the loading level increased. The event for both
type of amplitude increased relatively until the end of loading (fracture). That is, the
higher the load level, the more the large or small the amplitude. This is because AE was
the elastic energy that was released by the materials when they were under loading stress
(Surgen et al., 2000). Moreover, the event of the small amplitude increased significantly
before just reaching the load failure level. It is inferred that the energy was released
greatly before fracturing and/or the amount of minute fracture was greater than the other
load level during the tensile tests for PB specimens with various particle sizes.
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Fig. 6. Relationships between event, amplitude, and load for particleboard specimens
with various particle sizes.
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Density effect on tensile stress and AE

Single-layer PBs were manufactured using particle 8 to 12mesh under 3levels of
board densities, 0.5, 0.6 and 0.7 g/cm®, with phenol-formaldehyde adhesive at 8% resin
content. The influence of density on Py, Ts and P; is shown in Fig. 7. P..increased
with increasing board density, and Tz showed a tendency to increase as much as the
density increased, which indicated that the density correlated well with the tensile
strength and AE only when the board densification was related to the bonding quality
(Beall, 1985). The P, value showed a tendency to become larger as the density increased.
This indicated that the effective adhesion area among the particles expanded as much as
the density increased because the number of particles and the amount of adhesive
increased (Lin et al., 1994 and Fujimoto et al., 1997). This suggests that Py, positively
corresponds to the minute fractures that occur at the initiation of the load level Pg.

Resin content effect on tensile stress and AE
Handmade laboratory particleboards were manufactured using particle 12 to 24 mesh
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Fig. 8. Effect of resin content on P, Ta: and R, for
particleboard specimens.
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for a nominal board density 0.7g/cm® at 5, 8 and 11 percent levels of resin content.
Results indicated that P and T at 8% resin content had the highest value, followed by
11 and 5percent in that order (the top and middle of Fig. 8), whereas R, showed the
lowest value at 8% resin content and different P,., and T\ tendencies in the tensile tests
(the bottom of Fig. 8). In previous studies (Han Chien Lin et al., 1994 and Fujimoto et
al., 1997), P... and T showed the largest value at 8% resin content in the IB tests. This
same tendency was also shown in this experiment. In general, P, and T, tended to
increase as the resin content increased (Beall, 1985). However, an inner layer burst
during manufacturing in PB manufactured with the particles through 12mesh and
phenol-formaldehyde adhesive at higher resin content (11% and 14%). This indicated
that bursts in the inner layers were caused by imperfect adhesive hardening (Fujimoto et
al., 1997). The P... and T values at 11% resin content were lower than those at 8%.
These test results are influenced by the test parameters (Pn.. and T) just as they were in
previous studies. R, therefore showed the same tendency as the reported in previous
work, which had its highest value at 11% resin content.
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