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SUMMARY

In this study, three Vietnamese common plantation species Acacia mangium, Acacia hybrid (4. mangium x A.
auriculiformis) and Eucalyptus urophylla in total nine sites (three sites per species) were selected. Each site had
a different silvicultural or age regime including trees of the appropriate age/size class to meet the requirements
for veneer production. The largest trees were used for peeling veneer with dimensions were 2.8 mm thick x 1.3
m (same as log length) % 0.95 m. Acoustic stiffness determination was performed on the 2.8 mm thick x 1.15 m
(same as log length) x 15 cm strips after they were air-dried to approximately 15% MC. The mathematical
processing of selected frequencies is made from the geometrical characteristics and the weight of the strips.
Dynamic MOE of Acacia hybrid veneer increased steadily with the radius before stabilising to an approximate
average value of 14,100 MPa; MOE stabilisation begins at a radial distance of approximately 85 mm from the
pith indicating that the mature state of wood starts from this point. Dynamic MOE of Acacia mangium veneer
increased steadily with radius with no apparent trend of stabilisation detected in the outer part of the logs; this
indicates that the mature state is not yet reached. Similarly, for Fucalyptus urophylla, the MOE values indicates
that the mature state had not yet been reached due to the appearance of no stabilisation trend. The most
apparent observation was Eucalyptus urophylla superiority in terms of veneer MOE (maximum 15,200 MPa).
Both acacia species have similar maximum veneer MOE values around 13,500 MPa. Acacia mangium was
shown to have a relatively long or late transition from juvenile to mature wood compared with the other two
species, thus producing a relatively higher proportion of low stiffness material. Characterising veneer stiffness
with square of radius position is also discussed in the paper.
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1. INTRODUCTION

The Vietnam furniture industry now
constitutes one of the key export staples in the
national economy. Vietnam exported wooden
furniture and other wood products up from
USS$ 2.4 billion in 2007 to US$ 9.4 billion in
2018 (MARD, 2019). This phenomenal
growth, coupled with domestic supply
restrictions, has driven an equally rapid rise in
Vietnam's timber imports. A significant
constraint to continued expansion is wood
supply, and Vietnam imports more than 80%
of its wood requirements. Moreover, changes
in these markets in response to growing
demand for legal wood products from
governments, retailers, and consumers puts
pressure on Vietnamese exporters and creates
uncertainty around future market access. Thus
a major challenge facing Vietnamese wooden
furniture export companies is obtaining from
sources that are both legal and sustainable. The
expanding plantation estate now includes over
1 million ha of acacias, and some 500,000 ha

of eucalypts. Although Vietnam's acacia and
eucalypt plantations have been established
primarily for the production of pulpwood,
there is increasing use of this resource for the
production of sawn timber. For this base
product, production plantations require a
minimum rotation of 10 years compared with 4
years for pulp and paper, which offer a quicker
and more attractive cash flow. Meanwhile,
plantation timber quality is declining because
of excessive demand and early harvesting of
juvenile trees. Whereas trees of 25 cm
diameter were once common, only trees with
20 cm diameter and less are now available; the
smallest diameter that can be used to make
solid wood based furniture is approximately 18
cm. New technologies to produce veneer
(traditionally produced from natural forest and
imported timbers) don't require logs as big as
those for sawn timber giving rise to an
emerging interest in the production of veneer
from the plantation resource. Both acacias and
eucalypts have demonstrated applicability to
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the production of veneer, log and wood quality
permitting (Redman et al., 2016).

In the study of McGavin et al. (2015),
peeled veneers resulting from processing trials
of six commercially important Australian
hardwood species were used to determine key
wood properties (i.e., density, dynamic
modulus of elasticity (MOE); the results
revealed that a wide variation of properties
existed between species and also within
species; simple mathematical modelling, using
sigmoidal curves, was demonstrated to be an
effective method to model the evolution of key
wood properties across the billet radius and
along the veneer ribbon with benefits for tree
breeders and processors. According to
Brancheriau and Bailleres (2003), acoustic
measurements could be performed for non-
destructive evaluation of strength properties of
structural timber beams. Direct use of spectra
as predictive variables to estimate MOR
(modulus of rupture) and MOE in both
edgewise and longitudinal vibration was the
main feature of the method. Predicting the
material characteristics of wood through non-
destructive timber (NDT) techniques is vital
for the timber industry and has a long history
of application (Halabe et al., 1995). Moreover,
the use of structural components is generally
under standard applications which define the
performance of the product with regard to its
purpose (Bailleres et al., 2009).

The objective of this study was to describe
dynamic modulus of elasticity (MOE) of
veneer recovered from three Vietnam common
plantation wood A. mangium, Acacia hybrid
(A. mangium % A. auriculiformis) and E.
urophylla based on variation from pith to bark
(across the log radius). Sigmoidal curves were
used to describe these characteristics. Dynamic
MOE of veneer is a main factor in determining
the suitability of veneer for structural veneer-
based engineered wood products. The study
results provide guidance on the quality of
current plantation resources for structural
product end-uses and plantation management.
2. RESEARCH METHODOLOGY
Plantation resource and veneer processing

Three Vietnamese plantation species
selected for this work were: Acacia mangium
(6-14 years), Acacia hybrid (4. mangium x A.
auriculiformis) (7-11 years) and Eucalyptus
urophylla (11-19 years), harvested in Cau Hai,
Phu Tho and Ba Vi, Ha Noi. In total nine sites,
three per species were chosen for the study.
Each site had a different silvicultural or age
regime including trees of the appropriate
age/size class to meet the requirements for
veneer production. Details of each trial site
including species, age, location, stocking rate,
silvicultural history, soil type, elevation and
slope were described in a previous work (Trinh
and Redman, 2018).

In each site, the number of trees chosen was
sufficient to produce 20-30 billets 1.3 m long
with small-end diameters over 130 mm.
Merchantable 1.3 m long billets met the
minimum form requirements such as:
straightness, small end over-bark diameter no
less than 130 mm, along with an absence of
ramicorns, double leaders, major branches and
visible external injuries. Billets were peeled
using a Ming Feng brand lathe to produce
veneers with a target green thickness of
approx. 2.8 mm until a core diameter of
approximately 40 mm was attained. During
peeling a guillotine was used to clip 1,300 mm
(length) x 950 mm (width) veneer sheets.
Veneer sheets were divided into two sections
such that 150 mm wide strips were removed
from the veneer edge closest to the outside of
the billet, leaving veneer sheets with width 800
mm. These strips were labelled the same as the
original veneer sheet, wrapped in impermeable
plastic and transported to the Vietnam National
University of Forestry (VNUF) laboratory for
stiffness (BING), moisture content, basic
density and shrinkage measurements. A 150
mm x 150 mm section was removed from
veneer strips for moisture content, basic density
and shrinkage measurements. The remaining
150 mm x 1,150 mm strips were used for
stiffness (BING) assessment (Figure 1).
Quantity of BING samples for each species per
site range from 100-300 strips.
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Figure 1. BING strip samples for stiffness (dynamic MOE) assessment

Veneer stiffness (dynamic MOE) assessment

Acoustic stiffness grading was performed
on the 1,150 mm x 150 mm strips after they
were air-dried to approximately 15% MC.
Dimensions (length, width, thickness) and
mass (grams) of samples were measured before
being positioned on two elastic supports so that
the longitudinal propagation of vibration is as
free as possible and can be induced by a simple
percussion on one end in the grain direction.
At the other end, a Lavalier type microphone
recorded the vibrations and transmitted them
via an anti-aliasing filter (low-pass) to an
acquisition card including an analogue-to-
digital converter which sends a digitised signal
to a computer (Figure 2). A Fast Fourier

Transform processed the signal to convert the
information from the time to the frequency
domain. The mathematical processing of
selected frequencies was undertaken using
BING (Beam Identification wusing Non-
destructive Grading) software in combination
with the geometrical characteristics and the
weight of the specimen, to provide the
dynamic MOE, among other specific
mechanical characteristics. Previous studies
have shown, through comparative tests, a very
good stiffness correlation between this type of
acoustic testing and conventional quasi-static
transversal tests (3 and 4 point-bending) on
wood samples of all sizes, with and without
defect (Brancheriau and Bailleres, 2002).

Figure 2. Veneer stiffness testing: dimension (a) and weight measurements (b),
BING set-up (c), BING test (d)

136 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 7 (2019)



Forest Industry

3. RESULTS AND DISCUSSION
3.1. Veneer stiffness variation across the log
radius

The way to model the variation of wood
to bark has
extensively studied (Downes et al., 1997).

properties from pith been
Different approaches based on mathematical
parametric or non-parametric fitting, have been
explored.

The relatively simple approach adopted is to
model the variation of MOE from pith to bark
due to the transition from juvenile to mature
wood based on a sigmoidal function fitting.

A sigmoid function is a mathematical
function having an "S" shape (sigmoid curve).
Often, sigmoid function refers to the special
case of the logistic function defined by the
formula:

1
l+e

S@) = t (1

A sigmoid function is a bounded
differentiable real function that is defined for
all real input values and that has a positive
derivative everywhere
(http://en.wikipedia.org/wiki/Sigmoid function).

It is used in modelling systems that saturate
at large values of ‘t’. A wide variety of
sigmoid functions have been used as the
activation function of artificial neurons,
including the logistic and hyperbolic tangent
functions. Many natural processes, including
those of complex system learning curves,
exhibit a progression from small beginnings
that accelerates and approaches a climax over
time. When a detailed description is lacking, a
sigmoid function is often used.

In general, a sigmoid function is real-valued
and differentiable;

negative or non-positive first derivative which

having either a non-

is bell shaped. There is also a pair of horizontal
asymptotes which provide the lowest and the
highest Y values when X tends to infinity. In

our case this is a convenient way to model
MOE variation from pith to bark since it tends
to increase with increase in diameter due to
cambial activity.

The sigmoid fitting is:

b
YAy )
(1+e d J
With:

Transition height: b;

y=a+

Transition centre: c;

Transition width: 2.197224578%*d;
Constraints: d<>0;

Asymptote: a.

Figure 3 to 5 show the veneer MOE versus
the radial distance, for each species, from the
log centre calculated from the actual position
of the veneer in the ribbon and its average
thickness. The plots use combined data from
the three plantations observed for each species.
This
variation of veneer MOE at a given age of the

representation provides a standard
plantation. The red curve in the plots shows the
sigmoid curve fitting.

The noticeable observation from the plots is
the wide spread of the individual veneer MOE
along the radius that can be explained by the
impact of knots, the local and global grain angle
as well by the deviation between the position of
the pith and the rotational axis of peeling.
Depending on the extent of this deviation, the
veneer at the same distance from the rotational
axis can be more or less close to the pith, in
other words more or less in juvenile wood.

Acacia hybrid veneer MOE
steadily with the radius before stabilising to

increased

an approximate average MOE of 14,100 MPa.
MOE stabilisation begins at a radial distance
of approximately 85 mm from the pith
indicating that the mature state of wood starts
from this point.
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Figure 3. Variation of Acacia hybrid veneer MOE with radius position

(The curve in the plot shows the sigmoid curve fitting)

Acacia mangium veneer MOE increased  part of the logs. This indicates that the mature
steadily with radius with no apparent trend of  state is not yet reached.
stabilisation (asymptote) detected in the outer
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Figure 4. Variation of Acacia mangium veneer MOE with radius position
(The curve in the plot shows the sigmoid curve fitting)

Similarly, for Eucalyptus urophylla, the fitted  of the data shows a somewhat tapering off at the
sigmoid function indicates that the mature state  outer part of the logs which seems to be
had not yet been reached due to the appearance of  overridden by the strength of the scattered veneer
no stabilisation trend. However, closer inspection =~ MOE data at lower radial distances.
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Figure 5. Variation of Eucalyptus urophylla veneer MOE with radius position
(The curve in the plot shows the sigmoid curve fitting)
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3.2. Veneer stiffness variation across the
square of the log radius (R

Characterising wood properties in logs
against their radial distance from the pith is a
commonly used method for providing industry
with typical wood quality information in
regards to growth trends. However, the use of
radial distance does not accurately represent

the ‘volume’ of material possessing a
particular property or quality observed in the
veneer processing industry. This is because the
volume of a log is directly correlated to the
square of the radial distance from the pith (R?).
Another way to express this is if you double
the radius of a log the volume is quadrupled.
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Figure 6. Variation of Acacia hybrid veneer MOE with square of radius position (R?)
(The curve in the plot shows the sigmoid curve fitting)
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Figure 7. Variation of Acacia mangium veneer MOE with square of radius position (R?)
(The curve in the plot shows the sigmoid curve fitting)
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Figure 8. Variation of Eucalyptus urophylla veneer MOE with square of radius position (R?)
(The curve in the plot shows the sigmoid curve fitting)
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Figure 6 to 8 show the same veneer MOE
data against the square of the radial distance
(R?) for each species. These figures provide
good indication of the stiffness trend in terms
of volume of material produced in industry.
Sigmoid curves for each species are all
asymptotic, stabilising to a maximum MOE,

the expected nature of all wood species.

Figure 9 shows the sigmoid curve fitting for
all species and age classes. The convenient
representation gives at a glance, the pattern of
MOE variation along the radius. Table 1
provides the sigmoid curve fitting parameters
for all species.
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Figure 9. Variation of veneer MOE along the square of radius position
between species from sigmoid curve fitting

Table 1. Sigmoid parameters from acoustic MOE curve fitting versus R?
and radius for each species

Age MOE Max (1;\/[/[(135) Radiuszz/radius
Species pith MOE Asymptote .l (mm°/mm)
(years) (MPa) (MPa) Tran.s1t10n Transition centre
height
A. hybrid 7-11 7,800 13,600 Yes 5,800 2,400/50
A. mangium 6-14 8,200 13,400 Yes 5,200 7,000/84
E. urophylla 11-19 9,600 15,200 Yes 5,600 3,600/60

The most apparent observation is the
Eucalyptus urophylla superiority in terms of
veneer MOE (maximum 15,200 MPa). Both
acacia species have similar maximum veneer
MOE values around 13,500 MPa. Acacia
mangium has a relatively long or late transition
from juvenile to mature wood compared with
the other two species, thus producing a
relatively higher proportion of low stiffness
material.

These curves provide the potential MOE
recovery for each species and the proportion of
juvenile to mature wood in relation to log
radius. The results highlight that improved
MOE recovery, in terms of material volume,
occurs for larger diameter logs with low radius
juvenile cores.

4. CONCLUSIONS

Acacia mangium has a relatively long or

late transition from juvenile to mature wood

compared with the other two species, thus
producing a relatively higher proportion of low
stiffness material.

Average veneer stiffness tends to increase
with increasing age for each species before
plateauing around 14 years of age. Eucalyptus
urophylla was significantly stiffer than the
acacia species at 11 and 14 years of age
indicating its greater potential to be used for
structural purposes.

The generation of veneer stiffness in
relation to the square of the log radius curves
provided the potential MOE recovery for each
species and the proportion of juvenile to
mature wood in relation to log volume. The
most apparent observation was FEucalyptus
urophylla superiority in terms of veneer MOE
with maximum 15,200 MPa. Both acacia
species have similar maximum veneer MOE
values around 13,500 MPa. Acacia mangium
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was shown to have a relatively long or late
transition from juvenile to mature wood
compared with the other two species, thus
producing a relatively higher proportion of low
stiffness material. The results highlighted that
improved MOE recovery, in terms of material
volume, occurs for larger diameter logs with
small radius juvenile cores.
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BIEN PONG VE MODUL PAN HOI CUA VAN BOC GO KEO TAI TUQNG,

KEO LAI VA BACH PAN UROPHYLLA
Trinh Hién Mai', Adam Redman?, Nguyén T4t Thing'

"Truong Pai hoc Lam nghiép
? Cuc Néng nghiép va Thity san (DAF), Uc

TOM TAT

Trong nghién ciru ndy, 3 loai gd rimg trdng phd bién ¢ Viét Nam gdm: Keo tai twong (4dcacia mangium), Keo
lai (4. mangium x A. auriculiformis) va Bach dan Uro (Eucalyptus urophylla) trong 9 6 tiéu chuan (3 6 tiéu
chuén/loéi) da duoc lua chon. Mi 6 tiéu chuén cé cac diéu kién 1am sinh hodc do tudi khac nhau, gf“)m céc cay
g0 co d6 tudi/kich thudc phii hop cho san xudt van boc. Cac cay gd 1on dugce sir dung dé boc van véi kich
thudc van: day 2,8 mm, dai 1,3 m (cung chiéu thé gd), rong 0,95 m. Viéc xac dinh modul dan hdi cua van
(dynamic MOE) bang phuong phap dm thanh da dugc thue hién trén thanh van c6 kich thuge: day 2,8 mm, dai
1,15 m (cung chleu thd g0), rong 15 cm sau khi hong phoi ty nhién t6i d6 4 4m trung binh 15%. Qua trinh xur ly
toan hoc cua cac tan s6 am thanh dé nhan dugc tri s6 MOE cua van dugc thue hién dua vao déc diém hinh hoc
va khéi lwong van. MOE cuia van boc tir gd Keo lai ting dan theo phuong ban kinh trude khi én dinh & gia tri
xap xi 14.100 MPa; tri s6 MOE én dinh & khoang ban kinh xdp xi 85 mm tir tity cho thiy trang thai “truéng
thanh” cta gd bat dau tir diém nay. MOE cua van boc tir gd Keo tai twong ting dan theo phuong ban kinh va
khong c6 xu huéng “6n dinh” & phan ngoai cua khuc gd; didu nay cho thdy trang thai “truéng thanh” chua dat
t6i. Twong tu nhu vay, gd Bach dan Uro cho thiy trang thai “truéng thanh” chwa dat téi do khong c6 xu hudng
6n dinh ctia tri s6 MOE. Két qua nghién ciru cho thay van boc gd Bach dan Uro c6 gia tri MOE dat cao nhat
(t6i da 15.200 MPa); ca hai loai g keo c6 tri s6 toi da cia MOE twong duong nhau, khoang 13.500 MPa. G
Keo tai twgng cho thdy su chuyén dich tir trang thai “non” sang “truong thanh” kha cham so véi 2 loai gd con
lai, do d6 tao ra ty 1& cao hon cuia vt lidu c6 do cung thap. Tri s6 MOE theo binh phuong cta ban kinh ciing
dugc thao luan chi tiét trong bai bao nay.

Tir khéa: Am thanh, bach dan, keo, MOE, van béc.
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