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Abstract
In this study, some mechanical properties of heartwood and sapwood of Eucalyptus grandis grown in
Karabucak, Turkey were determined. Mechanical properties, such as modulus of rupture, modulus of elasticity,
impact bending strength, tension strength (perpendicular and parallel to grain), compression strength, shear
strength, and static hardness were measured. According to the test results the sapwood samples provided better
mechanical properties than the heartwood samples. It can be concluded that the lower mechanical properties of
the heartwood samples were due to the presence of high proportion of juvenile wood in the heartwood.
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Introduction

The acreage covered by naturally-grown forests is decreasing tremendously due to the
extensive use of wood and the rapid growth of the population (Anonym, 2006). To overcome
the wood shortage, fast-growing tree plantations are being established in many parts of the
world. One of the preferred fast-growing tree species is the eucalyptus species. The paper
industry is one of the major users of land area for the production of fast-growing trees. Only a
small proportion of fast-growing trees, such as eucalyptus trees, are used for the production of
other products, such as charcoal, sawn logs, panel products, and reconstituted boards
(Cossalter and Pye-smith, 2003). It is important to determine the properties of such species if
they are to be used in these additional applications.
Many scientist have studied the anatomy of eucalyptus trees (Santos et al, 2004; Lima et
al, 2010), and other researchers have studied their physical and mechanical properties as well
(Castro and Paganini, 2003), and furniture (Acosta et al, 2007). The research results have
indicated that the physical, mechanical, and anatomical properties of eucalyptus tree differ
depending on where they were grown. Thus, many researchers have conducted studies on the
same species that were grown in different parts of the world.
In Turkey, eucalyptus trees were first introduced in 1885 by a French company that was
working on the railroads
. The first E. camaldulensis plantation was developed
in Tarsus-Karabucak in 1939. The Turkish government established the Eastern Mediterranean
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Forestry Research Institute in 1967 for conducting research on eucalyptus trees. Since then,
the Institute has conducted experiments on 191 eucalyptus species
2002). An average annual increment of 35 m3 ha-1 for E. camaldulensis and 50 m3 ha-1 for E.
grandis were determined
. There are some differences in the properties of
E. camaldulensis and E. grandis. Some of the differences in the physical and chemical
properties of E.camaldulensis and E.grandis grown in the Karabucak region were determined
(Ayata, 2008).
Based on the last official data provided in 1993, there are 20 000 ha eucalyptus
plantations in Turkey, and most of them are in the Tarsus-Karabucak region
1995). In addition, an important project was conducted to use E.grandis wood in pulp and
paper industry by MOPAK group (Anonym, 2012).
The determination of the properties of these trees is important if their usage areas are to
be increased. The objective of this study was to determine some of mechanical properties of
heartwood and sapwood from E. grandis grown in Tarsus-Karabucak, Turkey.

Materials and Methods
Materials

The trees used in this study were obtained from Tarsus-Karabucak region in Turkey. In
this research, five 10-year-old trees were used (diameter at breast height: 29-31 cm and total
height: about 25-27 m). Logs were cut from the trees at a height from 2 to 4 m for use in
determining the mechanical properties. From these logs, timbers that were 8 cm wide were cut
and air dried. After the timbers had been completed air drying, heartwood and sapwood
samples were prepared separately from each group. With the exception of the samples used
for the sorption experiment, the samples
C and 65
% relative
humidity.
Methods

Mechanical properties, such as modulus of rupture (MOR), modulus of elasticity in
bending (MOE), impact strength ( i), tension strength perpendicular to grain (
), tension
strength parallel to grain ( ), compression strength parallel to grain ( ), and shear strength
parallel to grain (on the radial surface) ( ) were determined according to TS 2474, TS 2478,
TS 2477, TS 2476, TS 2475, TS 2595, and TS 3459 standards, respectively. Static hardness
(H) (Janka hardness) was determined based on the TS 2479, and HTS, HRS, and HCS are
hardness on the tangential surface, radial surface, and cross-section, respectively.
In the bending strength and impact strength tests, the loads were applied in the
tangential direction. After the tests, the moisture content of the samples was determined, and
the strength values were corrected as indicated in equation (1) according to the relevant
standards:
- 12))
(1)
12 = M
-2
Where 12 is the strength at 12% moisture content (N mm ), M is the strength at moisture
content (N mm-2), is a constant, and M is the moisture content (%).
The SPSS program was used for statistical analysis. The independent-sample T-test
was used to determine the differences between mechanical properties of sapwood and
= 0.05). A linear regression model was used to analyze the relationship between
density and mechanical properties that were measured.
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Results

The mechanical properties of the E.grandis sapwood and heartwood are given in Table
1. Based on the statistical analysis, there was a statistically significant difference between
sapwood and heartwood samples (P < 0.01 in MOR and MOE; P < 0.001 in the others).
Mechanical properties (MOR, MOE,
, T ,
i, HTS, HRS, and HCS) of sapwood
were determined to be greater than those of heartwood. The impact bending of sapwood was
66.2% significantly higher than that of heartwood.
Table 1. Mechanical properties of Eucalyptus grandis wood
MOR

MOE

Sapwood

x
s
n

100
19
30

10074
1931
30

Heartwood

x
s
n

84
19
30

8412
1872
30

N mm-2

i

60
9
143

10
3
30

103
16
27

5
1
25

52
9
143

8
1
30

83
12
28

3.7
0.8
30

kgm cm-2

HTS

0.95
0.2
30

57
15
24

0.57
0.2
30

41
10
24

HRS

HCS

48
16
24

53
13
24

32
8
24

39
7
24

N mm-2

Do*

Kg/m3

634
90
150

517
62
150

MOR: modulus of rapture,
: tension strength perpendicular to
i
: tension strength
: compression strength parallel to
: shear strength parallel to grain,
HTS: hardness on the tangential surface, HRS: hardness on radial surface, HCS: hardness on cross section, x: mean values, s:
standard deviation, n: the number of samples *Do

The relationships between oven-dried density and MOR (A) and between oven-dried
density and MOE (B) were determined through regression analysis, and the results are
presented in Figure 1. There was a strong positive correlation between density and MOR (A)
and MOE (B) (P < 0.001).
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Figure 1. Relationships between (a) oven-dried density and MOR and (b) oven-dried density
and MOE
Relationships between density and compression strength (A) and between density and
impact bending (B) are presented in Figure 2, which provides the regression equation, the R2
value, and the probability value. There is a strong, positive correlation between oven-dried
density and compression strength and between oven-dried density and impact bending.
Compression strength and impact bending of sapwood were determined to be higher than they
were for heartwood.
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Figure 2. Relationships between (a) density and compression strength and (b) and impact
bending
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Figure 3 (A) shows a diagram and some other statistical parameters of static hardness.
The relationship between air-dried density and static hardness measured from the radial
surface (RS), tangential surface (TS), and cross-sectional surface (CS) were statistically
significant (P < 0.001). The best correlation was determined in the tangential surface (R 2 =
0.929).
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Figure 3. Relationship between (a) density and hardness, (b) density and shear strength

Figure 3 (B) shows a diagram, regression equation, R 2 and probability value of shear
strength. The relationship between oven-dried density and shear strength was determined to
be statistically significant (P < 0.001), and a strong positive correlation was determined (R 2 =
0.7358).

Discussion

The variation in density plays an important role in determining mechanical properties of
wood. This is especially obvious for species such as eucalyptus, which is a fast-growing tree
that has a significant quantity of low-density, juvenile wood. According to Malan (1995) and
Githiomi and Kariuki (2010) high-density mature wood begins to form about 5 to 8 years in
E.grandis.
The mechanical properties of sapwood and heartwood from E. grandis were
determined. The mechanical properties of sapwood, in general, were higher than those of
heartwood. It is believed that the presence of juvenile wood in heartwood caused this
difference. It is known that juvenile wood has shorter fibers, thinner cell walls, and lower
density than mature wood in E. grandis (Bhat et al, 1990; Lima et al, 2010; Bal, 2012). It also
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reported that juvenile wood has considerably different physical and anatomical properties than
mature wood. Specific gravity, strength, cell length, and the thickness of the cell wall increase
in the radial direction as juvenile wood matures (Green et al, 1999).
In the present study, the average values of MOR were similar to those reported for E.
grandis wood (Santos et al, 2004; Lemanih and Bekele 2004). It was determined that MOE
and MOR values were higher in the
in
clone
has very high density compared to others (Casro and Paganini, 2003).
It was determined the shear strength to be 12.61 N mm-2 (Santos et al, 2004). This result
was higher than that of the present study. This may have resulted from the fact that our tests
were conducted on radial or tangential surfaces. Generally, shear strength parallel to the grain
is greater on the radial surface than on the tangential surface because of resistance of the
latewood in the annual ring. This factor has been accounted for in some other research studies.
It was measured shear strengths of 10.7 N mm-2 and 11.3 N mm-2 on the radial and tangential
surfaces, respectively (Acosta et al, 2007) and these differences in the juvenile and mature
wood of 10 different species were determined (Bao et al,2001).
The greatest static hardness values were measured in the tangential surface. In general,
the greatest static hardness values were determined in cross sections of the wood. However, in
fast-growing trees, density increases from pit to bark in the radial direction (Baht et al, 1990;
Bal et al, 2011). The density of measuring point of the tangential surface was higher than that
of cross section. This might be the reason for determining greatest values in the tangential
surfaces.

Conclusions

In this study, mechanical properties of E. grandis wood grown in Karabucak region
were determined. The relationships between oven-dried and air-dried densities and
mechanical properties were calculated. The following conclusions were drawn:
Mechanical properties of E. grandis were affected by the presence of juvenile wood in
the heartwood.
The mechanical properties of heartwood were lower than those of sapwood. The
correlations between oven-dried density and mechanical properties were strong, and they
were statistically significant.
Although E. grandis is a very fast-growing tree, the mechanical properties of E. grandis
were determined to be superior to those of some other species of trees.
It is recommended that E. grandis heartwood not be used in important places when it
can be subjected to dynamic loading, because it has a low impact bending value.
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