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ABSTRACT
Acoustic velocity (AV) offers a non-destructive means of reliably measuring wood
properties, presenting a valuable alternative to the traditional method known for its
destructiveness, costliness, and time consumption. This technique is widely used in the
timber industry to predict the bending strength of standing trees and logs. Hence, a study
was conducted to assess the dynamic and static elastic properties of Fucalyptus pellita in
various thinning intensities using the AV technique and laboratory testing. The selected
11-year-old E. pellita wood was obtained from thinning trials in Sabah Softwood Berhad,
Brumas, Sabah. This investigation collected samples from three distinct thinning intensities
(0%, 40%, and 60%). Dynamic modulus of elasticity (MOE), which relies on the time of
flight (TOF) principle, was measured using an acoustic velocity approach, and physical and
static testing was conducted according to
standard ISO 13061. Results from this study
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efficiently, and specific parameters can be measured on a tree stand without falling the tree.
Besides, thinning at a moderate intensity also helped to enhance the mechanical properties
and dynamic MOE value of the E. pellita wood.

Keywords: Acoustic velocity (AV), bending strength, Eucalyptus pellita, thinning treatments

INTRODUCTION

Eucalyptus was introduced to Malaysian Borneo in 2012 as a replacement for A.mangium,
which suffered a loss due to Ceratocystis manginecans (Alwi et al., 2021; Roux &
Wingfield, 2009). According to Binkley et al. (2017), eucalyptus covered 26% of the total
planted area globally. Since the 1970s, this species has been widely used as a surrogate
material for timber supply and has been established in forest plantations. For this reason,
studies regarding the properties of eucalyptus, such as solid wood utilisation, wood density
and anatomy, acoustic wave velocity assessment, and MOE, have been conducted (Barotto
etal., 2017; Hii et al., 2017; Japaruddin et al., 2022; Raymond, 2002).

Besides, E. pellita is a forest plantation species with a high potential in structural
applications due to its fast-growing characteristics. A recent study assessing the effect
of thinning on wood properties through the acoustic velocity of eucalyptus wood was
conducted, and the results show that the thinning intensity influenced the dynamic MOE.
Besides, moderate thinning could enhance the stiffness properties of the wood (Gendvilas
etal., 2021; Russo et al., 2019).

The effect of silvicultural practices from a previous study shows an inconsistent
correlation (de Moraes Gongalves et al., 2004; Nogueira et al., 2015; Prasetyo et al., 2017).
Silvicultural practices are implemented to manipulate the tree growth, and the standard
treatments include thinning and pruning. Silviculture treatments were developed to improve
the growth rate of plantations and produce high-quality wood-based products. The effects
of'silviculture practice wood quality might not be determined by simple factors (Listyanto
& Nichols, 2009).

It is imperative to assess the wood quality and wood properties of trees to enhance
forest stands in forest plantations (Russo et al., 2019; Wang et al., 2007). Wood quality
encompasses the properties of the wood, such as its density and stiffness (Marini et al.,
2021). As noted in a study by Auty and Achim (2008), these properties are often influenced
by the growing condition of the forest stands. Some authors have performed their studies
explicitly focusing on assessing the wood properties (Antony et al., 2011; Ayanleye, 2020;
Baettig et al., 2017; Balasso et al., 2021; Butler et al., 2017; Liu et al., 2007; Todaro &
Macchioni, 2011). The wood properties were measured by conducting mechanical testing in
the laboratory (Gao et al., 2017). This method, however, is destructive and time-consuming
(Sharma et al., 2020). Thus, alternative techniques and tools that are portable and practical
must be utilised for efficient wood properties evaluation.
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In recent years, non-destructive testing (NDT) methods have emerged as a valuable
tool in the forestry and timber industry, offering the ability to assess the wood properties
of standing trees and logs without causing damage. Besides, this method has been used
to evaluate wood properties in the forest industry for the last two decades (Schimleck
et al., 2019). This technique is also able to effectively evaluate the wood quality while
preserving samples intact. One of the NDT tools that can be used for in situ wood properties
assessment is the acoustic velocity (AV) technique. This AV method has evolved from
product assessment to evaluation of logs and standing trees (Carter et al., 2005; Proto et
al., 2017; Wang et al., 2007). Among the key parameters assessable through this method
are the elastic properties of wood, particularly the modulus of elasticity (MOE), which
plays a crucial role in assessing wood properties.

The AV measurement relies on the time-of-flight (TOF) principle by generating a
stress wave through the impact of striking a hammer on the transmitter probe (Chen et al.,
2015; Fundova et al., 2019; Legg & Bradley, 2016). Stress wave propagation in wood is
influenced and controlled by the wood's properties, including the physical and mechanical
properties. Hence, the wood properties can be estimated from the fundamentals of stress
wave propagation in wood (Wang et al., 2000). Based on previous and recent studies, there
are correlations between the dynamic MOE of AV and the woods (Antony et al., 2012;
Auty et al., 2016).

This study was conducted to investigate the relationship between the effect of thinning
on the physical and mechanical properties of E. pellita and the use of acoustic velocity
in predicting MOE. The impact of thinning on mechanical properties using the acoustic
velocity approach can be determined based on a regression model by correlating two
variables (static MOE and dynamic MOE).

MATERIALS AND METHOD
Study Site

E. pellita was obtained from the Sabah Softwood Berhad (SSB) plantation site in Brumas,
Tawau, Sabah, Malaysia, with an elevation range between 200-600 m. Figure 1 shows the
E. pellita plantation in Sabah Softwood Berhad (SSB).

The experimental site was established in 2019 with 3 m x 3 m spacing, and the area of
the plantation planted is 1.08 hectares. Table 1 summarises the information on the tree stand.

Thinning intensity can be defined as a regulation of stand density. It also refers to how
many trees will be removed from the tree stand. Thinning treatments of E. pellita were
subjected to 3 different thinning intensities, namely thinning 1 (0%), thinning 2 (40%),
and thinning 3 (60%). The percentage (%) refers to the number of trees cut from the total
number of trees in the same area. Thinning 1 (0%) refers to no thinning applied, and
thinning 2 (40%) and 3 (60%) refers to the stand thinning to 40% and 60% from the total
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Figure 1. E. pellita plantation in Sabah Softwood Berhad (SSB)

Table 1
General characteristics of the experimental site
Site Stand age Soil type Plot size (m)
SSB Plantation 11 years old Kumansi 10x 10
(>40% of clays)

Source: Sabah Softwood Berhad (SSB) Tawau

tree stand on the plot. This study consists of three thinning treatments, each consisting of
100 individual trees (300 trees for three thinning in total). The thinning was done at the
age of 2 years.

The thinning type for this study is low thinning, also known as thinning from below.
Thinning from below involves removing trees from the lower canopy, suppressed trees
(trees that experienced a limited growth rate), and small-diameter trees. This thinning
often results in evenly distributed tree stands and focuses on trees potentially developing
into large-diameter trees.

Preparation of Sample

A total of 18 trees with similar diameters at the breast (DBH) classes were chosen to
represent the population of the three thinning. The trees were chosen based on the diameter
at breast height (DBH) of the populations, and six trees were selected for each thinning.
Not only that but the trees were also selected based on the accessibility of the tree to be
taken out from the plot, good appearances (less to no defects) and acoustic velocity value
of the trees.

The acoustic velocity of all 18 trees was measured using the time-of-flight (TOF)
principle and recorded using the Fakopp Microsecond Timer before the harvesting. All
these 18 trees were then processed into sample dimensions according to standard ISO
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3129 (ISO 3129 Wood-Sampling method

and general requirements for physical and > 60
mechanical testing of small clear wood - -
specimens, 2019). The tree is then processed g—
into a specific cutting pattern for a log more i
than 180mm diameter based on standard P
ISO 3129, as shown in Figure 2. ]
The wood slabs were air-dried until the =
moisture content (MC) reached equilibrium E—
before sample processing. A total of 1556 ]
small clear specimens were prepared for —
mechanical testing, and these samples ~
were used to find prediction and empirical —

data for the mechanical properties with the Figure 2. The general cutting pattern of a log with a
NDT method. Additionally, 1137 small diameter > 180 mm
clear specimens were produced to examine Source: 150 3129:2019

the density.

Assessment of Non-Destructive Testing (NDT)

For non-destructive testing (NDT), the acoustic velocity (AV) of the Fakopp Microsecond
Timer was performed and measured on 18 trees, billets and wood slabs. Billets is the log
of the E.pellita tree that was cut into 2 m lengths, which produced 54 billets for 18 trees
from all thinning. The wood slabs were made from the billets processed at the sawmill,
with each wood slab having a 2 m length. Equation 1 explains the relations of acoustic
velocity, wood density and wood stiffness.

MOE,,, = pAV? e

Where MOE,,, is the dynamic MOE (Nmm), p is the wood density (kgm™), and AV is
the velocity of the stress wave (ms™). The AV was assessed on 18 trees, 54 billets and 246
wood slabs derived from thinning 1 (0%), thinning 2 (40%), and thinning 3 (60%) using
the acoustic wave's time-of-flight (TOF) principle. The AV was measured by measuring
the vibrational speed between 2 points, using the transmit and receiver probe with 1-2
kHz frequencies (Figure 3).

The hammer striking from the transmit to the receiver probe generated the acoustic
velocity. The AV on trees, billets, and wood slabs was measured by using the Fakopp
Microsecond Timer that relies on the TOF principles based on Equation 2:

Vel = TOF )
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Where Vel is the acoustic velocity (ms™), S
is the distance between the two probes (m),
and TOF is the time of flight (s). The AV
measurement on billets and wood slabs was
taken before the static bending test of small
clear specimens. The dynamic MOE was
calculated based on the formula mentioned
above, and the relationship between dynamic
MOE and static MOE was established using
the simple linear regression method.

Determination of Green Density

The green density of the wood was taken
from wedge samples derived from the discs

of 18 trees based on the Australian and New : :
Zealand Standard AS/NZ 1080.3:2000. The Figure 3. Assessment of acoustic velocity on billets
formula for the calculation of the green of Epellita

density was derived in Equation 3 below:

] Massy,
Green density = W (3)
Where,

Mass, : mass of sample at green condition, in kg, of the test piece

Volume, : volume of sample at green condition, in m?, of the test piece
The results were expressed to the nearest 5 kg/m? (0.005 g/cm?).

Test Method

The physical and static mechanical properties of E.pellita wood were performed based on
standard ISO 13061. The bending test followed the ISO 13061-3:2014 Determination of
Ultimate Strength in Static Bending and ISO 13061-4:2014 Determination of Modulus of
Elasticity in Static Bending. The density of E.pellita wood was determined according to
standard ISO 13061-2:2014 Determination of Density for Physical and Mechanical Test.
Before the test, the green MC was defined by ISO 13061-1:2014 Determination of Moisture
Content for Physical and Mechanical Test.
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Preparation of Samples and Procedure
for Bending Test

Figure 4 shows how the samples and
dimensions for the bending test were cut and
prepared according to standard ISO 13061.

The samples were conditioned to a
constant mass under a relative humidity
of 65 + 5 % and temperature of 20 + 2°C
before testing. A total of 1556 samples
for all thinning treatments were tested for
mechanical testing at the Material Testing
Lab, Faculty of Forestry and Environment,
UPM. The three-point flexure bending
test was conducted using a 10kN Instron
Universal Testing Machine. During the test,
the sample test was positioned horizontally
on top of two points, with the load applied
at the centre load of the material, with the
tangential surface facing the load (Figure 5).

Each sample's depth and width (mm)
were measured using vernier callipers
before the test. The MOE and modulus of
rupture (MOR) were calculated based on the
given Equation 4:

W=

Where,

(a)
load

o

320mm

20mm

20mm

Figure 4. Dimension of sample test for bending test

Ry
Figure 5. Set up for the 3-point flexure bending test

pl3

7 “)

P : load equal to the difference between the upper and lower limits of loading in N

[ : span distance, in mm
b : width of the test piece, in mm
h : height of the test piece, in mm

The results were expressed to an accuracy of 1 N/mm? (MPa).

An adjustment of the MOE to 12% moisture content was done using the following

Equation 5:
Eip =

Ew (5)

1

—a(W-12)
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Where,
o : correction factor for the moisture content, 0.02
W : moisture content of the wood based on standard ISO 13061-1

The mean and the standard deviation of the results obtained for the individual sample
were calculated to a precision of 1 N/mm? (MPa).

For the calculation of the modulus of elasticity (MOR) value, the formula was derived
in Equation 6:

_ 3Pmaxl
O-b,W ~ 2bh2 (6)

Where,

P, : maximum load, in N

[ : the span distance, in mm

b : width of the test piece, in mm
h : height of the test piece, in mm

The results were expressed to a precision of 1 N/mm? (MPa).

An appropriate adjustment of the ultimate bending strength to 12% moisture content
was made using the formula (Equation 7):

Op12 = Op [1+a (W - 12)] (7

Where,
o : correction factor for the moisture content, 0.04
W : moisture content of the wood based on standard ISO 13061-1.

The mean and the standard deviation of the results obtained for the individual sample
were calculated to a precision of 1 N/mm? (MPa).

Preparation of Samples and Procedure for Wood Density

The sample dimension for the oven-dry density was prepared based on standard ISO 13061.
Figure 6 shows the dimension of the sample test for the oven-dry density of E. pellita wood.

Determination of Oven-dry Density

The samples were uniformly dried in the oven. The samples were cooled in a desiccator,
and their weight and dimensions were immediately taken. Using the given equation, the
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density of the sample in its oven-dry state, kg/m?, was determined. The density p, was
calculated in kg/m? using the formula given (Equation 8):
My My
PO= ao X by X Lo Vimax ()

Where,

my : mass, in kg (or g), of the test piece in the dehydrated condition.

ay, by, and [ : dimensions, in m (or cm), of the test piece in the dehydrated condition.
Vi : volume, in m* (or cm?), of the test piece in the dehydrated condition.

The results were expressed to the nearest 5 kg/m* (0.005 g/cm?).

Determination of Basic Density

The basic density for the samples was prepared based on wedge samples and calculated
according to Australian and New Zealand Standard AS/NZ 1080.3:2000 and standard ISO
13061-2:2014 Determination of Density for Physical and Mechanical Test. The formula
for the calculation of the basic density was derived in Equation 9:

mo mo

Py Amax X bmax X lmax Vimax (9)

Where,

Apars Draxs and 1, : dimensions, in m (or cm), of the test piece at a content greater than
equal to the fibre saturation point before any shrinkage occurs due to drying.

Ve - green volume, in m* (or cm?), of the test piece.

The results were expressed to the nearest 5 kg/m? (0.005 g/cm?).

The mean and standard deviation of the sample results were calculated to an accuracy
of 10 kg/m? (or 0.01 g/cm?).

Data Analysis

Statistical analysis was performed using one-way analysis variance (ANOVA) with
three dependent variables: thinning under three intensities (0%, 40% and 60%). ANOVA
analysis will determine the significance level of thinning intensity towards eucalyptus
wood's mechanical and physical properties. The physical and mechanical testing data for
E. pellita were analysed through SPSS, which produced a 95% confidence level or p-value
of less than 0.05.
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Besides that, descriptive analysis was also used to calculate dynamic and static MOE.
A two-tailed linear correlation and regression analysis was performed between the static
and dynamic MOE on trees, billets, and wood slabs of E. pellita. This analysis is crucial
to determine whether the non-destructive analysis is related to the static MOE in the small
clear specimens.

RESULTS AND DISCUSSION
Physical Properties

The average and standard deviation of the wood density of E.pellita under all thinning
intensities are summarised in Table 2.

Table 2
Descriptive analysis of the density of E. pellita wood
Basic density Green density
Thinning N Mean SD Min Max N  Mean SD Min Max
intensities value value
(kgm™) (kgm™)

1 (0%) 18 634 58.04 550.00 721.76 18 1130 33.60 1061.69  1175.46
2 (40%) 18 619 4281 536.00 689.27 18 1117 32.77  1069.10  1177.38
3 (60%) 18 568 4796 448.83 63399 18 1094 88.19 761.17 1150.96

Total 54 607 56.57 448.83 721.76 54 1113 58.58 761.17 1177.38

*SD= standard deviation

For the physical properties, the density was determined using the wedge samples,
which were obtained from discs derived from 18 trees of the thinning. The average mean
value of basic density under all thinning intensities is 607 kgm~. The mean value of wood
density in the variation of thinning intensities ranged from 568 kgm~to 634 kgm=. The
wood density was higher (634 kgm™) in thinning 1 (40%) compared to thinning 3 (60%),
which is 568 kgm. The observed reductions in wood density due to thinning ranged from
2.3% to 8.2% from thinning 1 (0%) to 3 (60%). Figure 7 shows the boxplot of wood density
under all thinning intensities. The statistical analysis showed a significant difference at p
< 0.05 in the wood density for all thinning intensities.

Based on the results above, thinning does affect wood density. The increasing volume
of'the trees causes a decrease in wood density due to the thinning applied to them (Bhandari
et al., 2021; Bhandari et al., 2022).
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Mechanical Properties

1200
] Descriptive statistics under all thinning
1100 ﬁ* intensities are presented in Table 3.
Based on the data presented, the mean
1000 value of the static mechanical properties
900 of E.pellita wood is 21.68 GPa and 137.29

MPa for MOE and MOR, respectively.
800 The statistical analysis shows significant
differences between the thinning and the

Density (kg/m?)

700 mechanical properties of E.pellita wood
600 with a p-value <0.05.

Table 3 shows that the mean value for

500 the mechanical properties of all thinning

decreases when intensive thinning is applied.

400 The diameter increment has caused the

Thinning/Density . ..
wood to become less stiff, as this is caused

OT1 Basic Density OT2 Basic Density B T3 Basic Density
OT1 Green Density B T2 Green Density B T3 Green Density by thinning to obtain a h]gh diameter and

volume of wood (Candel-Pérez et al., 2018).

Figure 7. Boxplot of wood density of E.pellita under o
all thinning intensities However, moderate thinning increased the

wood stiffness, as the value increased by
7.1% from 21.92 GPa to 23.47 GPa and 2% from 144.96 MPa to 147.74 MPa for both
MOE and MOR values. Hence, moderate thinning positively affects the wood stiffness
(Coletta et al., 2016).

Table 3
Descriptive statistic of the mechanical properties of E. pellita wood
. MOE MOR
Thinning
. L N Mean value SD N Mean value SD
intensities
(GPa) (MPa)
1 (0%) 525 21.92 3.67 525 144.96 28.53
2 (40%) 509 23.47 4.17 509 147.74 33.73
3 (60%) 522 19.68 3.96 522 119.38 28.37
Total 1556 21.68 4.23 1556 137.29 32.82

*SD = standard deviation

Correlation Between MOE and MOR with Oven-Dried Density

Figures 8 and 9 show the relationship between density and E. pellita wood's mechanical
properties. The figure shows a positive correlation between the oven-dried density and the
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mechanical properties of E. pellita wood, with R?=0.69 and R?>=0.63 for MOE and MOR
under all thinning, respectively. The correlation between these variables shows that low

MC may improve the wood stiffness and strength properties (Lahr et al., 2017).

Modulus of Elasticity (GPa)

ALL TREATMENT

Modulus of Elasticity (GPa)

30.00

2500

1500

THINNING 0% (T1)

° y =0.0354x - 3,9327 y=0.0333x-3.187
R2= 0.690 ° R?=0.7062
o 40000 500,00 600,00 700.00 800,00 900,00 1000.00 too 40000 500.00 600.00 700,00 800.00 90000 100000

Oven-dried density (kg/m?)

Oven-dried density (kg/m?)

Modulus of Elasticity (GPa)

THINNING 40% (T2)

Modulus of Elasticity (GPa)

3500

3000

2500

2000

THINNING 60% (T3)

° y=0.037x-3.9915 @ y =0.0349x - 3.856
R2=0.7012 R?=0.651
500 40000 50000 600.00 70000 800.00 90000 1000.00 s 400,00 500,00 600,00 700.00 800.00 800.00 1000 00

Oven-dried density (kg/m®)

Oven-dried density (kg/m®)

Figure 8. Relationship between oven-dried density and MOE of E. pellita by thinning
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Figure 9. Relationship between oven-dried density and MOR of E. pellita by thinning

Failure Mode

The failure mode for each sample was determined based on the standard ASTM D143
Static Bending Test. According to the standard, there are six types of failure modes: simple
tension (a), cross-grain tension (b), splintering tension (c), brash tension (d), compression

(e), and horizontal shear (f), as shown in Figure 10.

Figure 10. Types of failure mode in bending test

The bar chart in Figures 11 and 12 shows
the frequencies of failure mode recorded on
each sample test and the maximum failure
load for each failure mode for all thinning.

Simple tension and splintering are the
most common failure modes in the samples.
A study by Derikvand et al. (2019) also
shows the same failure mode observed from
the E. nitens samples.

Meanwhile, the maximum failure load
based on thinning has indicated a value of
1968 N for thinning 1 (compression failure),
1740 N for thinning 2 (horizontal shear) and
1536 N for thinning 3 (cross grain).

Acoustic Velocity (AV)

The descriptive statistics for dynamic MOE
in trees, billets and wood slabs are shown
in Table 4.
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Eucalyptus pellita bending test

350
300
250
2]
Q
2 200
-9
150
100
|| T il
S1mple Cross-grain Splmt_ermg Brash tension Compression Horizontal
tension tension shear
mTT1 185 55 170 15 109 6
uTT2 87 44 301 74 22 12
mTT3 108 54 283 85 6 4
ETT] =mTT2 mTT3
Figure 11. The failure mode for each sample from all three thinning
Eucalyptus pellita bending test
2500
Z 2000
=t
g
— 1500
2
=
=
“é 1000
=
E
5 500
i I
0 5 teri Horizontal
Simple tension ~ Cross-grain pintering Brash Compression onzonta
tension shear
mTTI 953 1401 285 783 1968 1465
nTT2 1023 1729 773 1311 1698 1740
uTT3 1292 1536 1034 1337 1093 382
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Figure 12. Maximum failure load for each failure mode from all three thinning
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zaet;lcerij)tive statistics of the dynamic MOE on trees, billets and wood slabs of E. pellita
Thinning Tree Billet Wood slab
intensities N Mean(GPa) SD N Mean (GPa) SD N  Mean (GPa) SD
1 (0%) 6 14.42 4.13 18 26.80 0.70 98 26.77 1.05
2 (40%) 6 14.72 512 18 27.24 263 77 27.29 2.96
3 (60%) 6 11.79 321 17 25.69 231 71 25.17 2.54
Total 18 13.64 420 53 26.59 2,12 94 26.47 2.40

*SD = standard deviation

The average value of the dynamic MOE for trees, billets and wood slabs were 13.64
GPa, 26.59 GPa and 26.47 GPa, respectively, for all three thinning. The value of dynamic
MOE in wood slabs increased by 2% from 26.77 GPa to 27.29 GPa as moderate thinning
was applied. However, as the thinning intensity increased, the value of dynamic MOE
decreased by 8% from 27.29 GPa for thinning 2 (40%) to 25.17 GPa for thinning 3 (60%).
For statistical analysis, there is a significant difference between the dynamic MOE and
all three thinning, with a p < 0.05 for wood slabs. Meanwhile, no significant difference
was found between the dynamic MOE with all three thinning trees and billets of E.pellita.

The dynamic MOE on the trees, billets and wood slabs positively correlates with
the static MOE under all thinning, with R> = 0.46, R? = 0.60, and R? = 0.53, respectively
(Figure 13).

All thinning 1, 2, and 3 show a positive correlation between the dynamic MOE and
static MOE of E. pellita obtained from billets and wood slabs, as shown in Figure 14 and
Figure 15

This study shows that moderate thinning treatment can enhance the elasticity properties
of E.pellita wood, as the same results were observed in the previous study conducted by
Russo et al. (2019). Furthermore, using a moderate thinning intensity can be a good choice
for producing wood-based products with good wood quality and properties.

Wood conditions (density) were a few factors affecting the distribution of acoustic
waves through the wood. The particles of denser wood were closely packed together,
leading to more resistance to transfer the sound wave vibrations compared to less dense
materials. Results from this study show as the thinning intensity increased, the density
decreased. Hence, the dynamic MOE was also reduced as high thinning intensity results
in lower-dense wood. Besides, the increase in juvenile wood content is also one of the
elements contributing to the rise, but it only slows the wave propagation through the wood
(Liu et al., 2021).

This study found a positive correlation between the dynamic MOE and static MOE
on 18 trees, billets and wood slabs, as these equations can predict the static MOE based
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Figure 15. Relationship between static MOE and
dynamic MOE obtained from wood slabs of E. pellita

on the dynamic MOE values. The result is
consistent with research by Papandrea et
al. (2022) and Van and Schimleck (2022),
demonstrating a strong relationship between
the dynamic MOE and static MOE of
standing trees and logs from poplar and
eucalyptus clones. The study also shows that
the wood density influences dynamic MOE
in hardwood species. This result indicates
that the AV that relies on the TOF principle
gives an excellent predictive value of static
MOE properties tested on the small clear
samples of E. pellita wood.

CONCLUSION

Thinning treatment does affect the physical
and mechanical properties of E. pellita
wood. We also concluded that thinning
treatment at a moderate thinning intensity
(40%) could enhance the rigidity and
strength properties of E.pellita wood.
This study also revealed that the acoustic
velocity method could predict static MOE
by positively correlating dynamic MOE
with R? = 0.46, R>=0.60, and R>=0.53 on
standing trees, billets, and wood slabs.
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