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6.1.1 Introduction

Hardness is one of the important physical properties of wood, since it depends mainly on the
amount of the cell wall present. Kollmann (1968) defined hardness as the resistance of a solid
body against the penetration of another solid body by force. The hardness of wood increases as
it loses moisture below the fiber saturation point. The end hardness of hardwoods increases
approximately 50 percent as they dry from the green condition to a moisture content of 12 per-
cent [Panshin (1970)].

Egusa (1968) found that wood hardness on the tangential surface could be used as a useful
indicator in determining whether a species is easy or difficult to be peeled. He also found that
the difficulties in peeling a log of some species could be reduced by boiling or steaming the
wood. According to Bodig & Jayne (1982) hardness is a particularly important property factor
to evaluate species used for flooring, furniture and other uses in which a good wearing surface is
desirable. .

Woods of the tropical forests are extremely numerous in species and varied in property.
Although it has been recognized that recently tropical woods played a key role in supplying the
demand of wood in the world, the properties and uses of many of its species are still unknown.

Based on the above illustration and the fact that hardness test is simple and easy to do, then
an investigation on the hardness of Togian wood species, Sulawesi, Indonesia, as a study in
determining the uses of those woods was considered as a necessary work to do.

Of the various methods for determining hardness of a given wood, Brinell-hardness test is
considered as a suitable one. A strong correlation between Brinell-hardness Hg and tensile
strength 0,3 (0ys & 0.33 to 0.36 Hg kp/mm?®) had been shown by Kollmann (1968). Mayer-
Wegelin as quoted by Parameswaran (1978) had reported a relationship between needle hardness
and Brinell-hardness for wood: the incision depth increased rapidly with decreasing Brinell-
hardness. They also reported that the Brinell-hardness reflects more or less the compressive
strength.

As many as fourty-one Togian wood species had been tested with Brinell-hardness tester. The
object of this study was to find out whether there was any consistent pattern of variation in
hardness from pith to bark, and to find out the effect of wood condition on its hardness which
will be used as a reference in determining which condition is suitable to be applied in peeling a
given wood.

6.1.2 Material and Experimental Procedures
All of the tests in this study were carried out in the Department of Forest Products, Faculty
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of Agriculture, Nagoya University. Specimens were prepared in the Wood Workshop of the
Department of Forest Products, whereas measurements of the dimensions and weight of each
specimen and also hardness test were carried out in the Wood Physics Laboratory.

(1) Material

Tests were made using fourty-one tropical wood species. They were obtained from Togian
island, Indonesia. Appendices 1 & 2 list all of the species used in this study. All of the fourty-one
species, each was represented by one log.

Based on the manner the specimens were taken, specimens used in this study were classified
into two groups. Group one was the group of specimens taken randomly from the area between
pith and bark of each log. Logs of those specimens were obtained from shipment number five
and six.

Group two consisted of specimens obtained from shipment number seven. A disk with the
minimum thickness of 4 cm was removed from each log of this group. Depended on the diameter
of the tree then four or five specimens along different radii (from pith to bark) of the same line
were taken out from each disk. Two of them were taken out from a definite area of the disk that
were one specimen from the area near the pith and the other one from the area near the bark.
The remaining two to three specimens were taken out from the area between those two speci-
mens mentioned earlier. It was intended to get a feature of the distribution of hardness in those
woods. Specimens of both groups were free of any visible defects. Selected material was then
machined into standard specimen size of 4 cm by 4 cm by 4 cm. Method of taking a specimen is
as seen in Fig. 1.

Fig. 1. Sketch showing method of taking the specimens.
Notes:
AD: Specimen of air dry condition
G: Specimen of green condition
1-5: Replications
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(2) Testing Method.
(a) Testing Condition.

Specimens belong to group one (1) were collected from twenty-two logs where hardness was
only measured in two specimen condition i.e. green and boiled condition. The purpose of the
hardness measurement in this group was only to determine whether tested species would be easy
or difficult to be peeled.

Of the six specimen’s surfaces, three surfaces consisted of end, tangential and radial surface
were used for measuring its hardness in green condition, The other three surfaces which also
consisted of end, tangential and radial surface were used for measuring its hardness in boiled
condition. In this group, wood hardness had been measured only on one point of each surface.

Green condition test was carried out before its specimens were either dried or given any treat-
ment. After hardness of green condition specimens were measured then all of those specimens
were boiled in the 100°C water for four hours. After boiling treatment then they were soaked
in water of room temperature before testing.

Specimens of group II came from nineteen logs. Green, boiled and air dry specimen condition
were used in this test. Here, green condition test specimens were also used for testing in the
boiled condition as it had been done in the previous group. Specimens for the air dry test were
different from those of the green condition test. Air dry specimens were taken from a different
part of the same disk. Specimens for air dry test were first dried until they reached a moisture
content of about 12% and then they were used for testing. Nine different points of end surface
and six different points of tangential as well as radial surface were used for measuring hardness of
all specimens from group II. Brinell hardness test in accordance with JIS Z 2117 were carried out
Tor all specimens of this group.

The dimensions and the form of the specimen for hardness test are presented in Fig. 2.
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Fig. 2. The dimensions and the form of the specimen.

(b) Hardness Test.
Specimen 4 cm by 4 cm by 4 cm was then placed on the Brinell-hardness tester of the Akashi
Seisakusho. Load capacity of this tester is 100 kg and the rate of penetration of the steel ball is
about 0.5 mm per minute.
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The load required to force a steel ball indentator of 10 mm diameter into a measurement
point of the test piece to a depth of 0.32 mm was then recorded in kilogram and was used for
calculating hardness of the corresponding specimen. In the case that the steel ball of the tester
could not be embedded into a specimen depth of 0.32 mm then measurement for such kind of
specimen was based on the depth of the steel ball indentation which could be reached by 100 kg
load.

(3) Specific Gravity,
Specific gravity is expressed as air dry specific gravity i.e. volume in air dry condition and
weight in air dry condition too.

(4) Method of Calculation,
Data obtained from the hardness tests were then used for calculating its hardness. The hard-
ness value is calculated by the following equation [Sawada et al. (1955)].

He — 1
I.D.h M
where:
H = hardness value (kg/mm?).
D = Diameter of the steel ball (mm).
h = Embedded depth of the steel ball into wood (mm).
P = Load required to embed the steel ball (kg)
in this testing D = 10 mm; h = 1/II mm = 0.32 mm hence equation (1) becomes:
.__P ,
10 @

6.1.3 Results & Discussion
Hardness values for three different surfaces and other detail data obtained in this investigation
are presented in the Appendix.

(1) Specific Gravity
Specific gravity measurement had only been done on specimens of group II. Average specific
gravity of those nineteen species belong to group II were in the range of 0.29 in Arfocarpus sp. to
1.08 in Madhuca sp. Average specific gravity of each species is as seen in Table 5.

(2) Hardness & Specific Gravity

Artocarpus sp. which had the lowest specific gravity shown the hardness of 2.79, 0.68 and
0.54 on end, tangential and radial surface respectively, whereas Madhuca sp. which had the
highest specific gravity shown the hardness of 13.17, 7.77 and 5.31 on end, tangential and radial
surface respectively.

Calculations on the data collected in this study produced several equations for the relation-
ships between specific gravity and hardness on three different surfaces and three different speci-
men condition as shown in Table 1.
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Equations in Table 1 indicate that there are good relationships between specific gravity and
hardness of wood on any of its surfaces as well as specimen condition. Equations for end surface
give the highest correlation coefficient than those two other surfaces. End surface gives values of
0.92, 0.96 and 0.93 correlation coefficient for green, air dried and boiled condition, respectively.
Although equations for tangential and radial surfaces show a lower correlation coefficient than
those of end surface, the values still indicate that strong relationships between specific gravity
and hardness are still exist as can be observed in Table 1. Figure 3 shows the dependence of hard-
ness in specific gravity on three different surfaces and three different specimen conditions. There
is a general indication that for any of the testing (specimen) condition, end surface gives the
highest hardness value than the other two surfaces. It is also noted that high specific gravity
species also had high hardness value.

From Figure 3 it is also clear that the highest hardness value is on the end surface while the
fowest is on the radial surface. Among three different testing conditions, wood with the air dry
condition has the highest hardness value. It seems that on the radial surface, boiling treatment
has only reduced hardness value of the wood with the specific gravity of less than 0.6. For the
other two surfaces (end & tangential) boiling treatment always reduce their hardness.

(3) Hardness Ratio
Table 2 summarized ratio of the tangential and end surface to radial surface hardness in
three different testing conditions and in general as the average of the three testing (specimen)
conditions.

Radial surface has been used as a standard for this comparison solely because of the fact that
in general hardness of this surface is the smallest. End to radial surface ratio shows a higher
value than tangential to radial surface ratio as shown in Table 2 and also indicated by the graphs
in Fig. 3.

Table 2 also shown that variation in the ratio of end to radial surface is bigger than that of
tangential to radial surface. This is clearly shown in Table 2 that the smallest difference of the
ratio of end surface is 0.28 that is the difference between ratio in green and boiled condition,
while the biggest difference of the ratio of tangential surface is 0.12 that is the difference be-
tween ratio in green and air dry condition.

Based on the graph in Fig. 3 and ratio in Table 2 then it can be concluded that hardness
value on end surface is not only the highest but the differences with the two other surfaces
are also big. Furthermore an equation of Y = —3.72 X + 6.10 with r = 0.71 shows that the bigger
the specific gravity of a given wood, the lower the value of end to radial ratio as illustrated in
Figure 4.

(4) Boiling & Air Drying Effect.

As mentioned before, hardness value for specimens from group I is only used for determining
whether a species is easy or difficult to be peeled and for observing the effect of boiling treat-
ment on its hardness. Therefore for this group, only two testing (specimen) conditions i.e. green
and boiled conditions, which are supposed to be a suitable condition in peeling a kind of log,
were used. The results in Appendix 3 reveal that in some species boiling treatment reduced their
hardness, while in some other species this treatment increased the value of their hardness. A
different manner and Table are also used for the presentation of the results from group I and
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Table 1. ‘quuations for the Relationships between Hardness and Specific
Gravity in Three Different Surfaces and Three Different Condi-
tions for Togian Wood Species.

End Surface

Green Y= 7.81 x~0.98 r=0.92

Air-dried Y=1337x~-1.13 r=0.96

Boiled Y= 712x-0.99 r=0.93
Tangential Surface

Green Y= 506x-1.48 r=0.88

Air-dried Y= 785x-2.13 r=0.92

Boiled Y= 465x-1.31 r=0.89
Radial Surface

Green Y= 384x~-1.01 r=0.87

Air-dried Y= 563x-1.36 r=0.93

Boiled Y= 432x-1.31 r=0.91

Notes:
Boiled : Specimens were boiled in 100°C water for four hours and soaked into water in room-temperature
before testing.
Coefficient correlation.
: Hardness value.
x + Specific gravity.

s

Table 2. Ratio of the Tangential and End Surface Hardness to Radial Surface Hardness
in Three Different Testing Conditions and in General.

Surface
Wood Condition
Radial Tangential End
Green 1 1.20 341
Air Dried 1 1.32 4.03
Boiled 1 1.21 3.13
General 1 1.24 3.54

Note:
Boiled: Specimens were boiled in 100°C water for four hours and soaked into water in room-temperature
before testing.



Table 3. Ratio of Air Dried and Boiled Wood Hardness to Green Wood Hardness on Three
Different Surfaces and in General.

Wood Condition
Surface
Green Air Dried Boiled
End 1 1.82 0.89
Tangential 1 1,71 0.95
Radial 1 1.57 1.01
General 1 1.70 0.95

Note:
Boiled: Specimens were boiled in 100°C water for four hours and soaked into water in room-temperature
before testing,

Table 4. Classification of Nineteen Togian Wood Species Based on Hardness
Pattern from Pith to Bark in Tangential Surface.

Pattern/Wood Species Specific Gravity Hardness** (kg/mm?2)
Pattern 1. .
Terminalia 0.69 4.02
Octomeles 0.38 1.04
Pattern 2.
Koordersiodendron 0.72 2.54
Canarium 0.57 1.97
Palaguium 0.60 2.33
Pattemn 3.
Litsea 0.45 1.61
Myristicaceae® 0.49 1.68
Eugenia 0.75 2.63
Madhuca 1.08 177
Allanthus 0.46 1.59
Pattern 4.
Gonystylus 0.58 2.22
Podocarpus 0.51 2.31
Heritiera 0.57 2.32
Pattern 5.
Lophopetalum 0.47 1.73
Calophyltum 0.51 1.92
Dysoxylum 0.54 1.95
Artocarpus 0.29 0.68
Ficus 0.39 0.87
Pometia 0.63 2.48

Notes:
* 1 Family name.
*% . Average value of the hardness in Air Dry Condition.
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Table 5.

Average Air-dried hardness of Three Different Surfaces

(End, Tangential and Radial) of 19 Togian Wood Species

and its Classification.

No. Wood Species S5G E (kg /mmz) R Class*
L. Koordersiodendron 0.72 7.67 2.54 2.35 I
2. Canarium 0.57 6.20 1.97 2.00 1
3. Lophopetalum 0.47 5.61 1.73 1.22 i
4. Terminalia 0.69 8.86 4.02 3.53 \Y
5. Octomeles 0.38 3.31 1.04 0.76 i1
6. Gonystylus 0.58 7.09 2.22 1.76 3
7. Calophyllum 0.51 5.89 1.92 1.20 10
8.  Litsea 0.45 4.81 1.61 1.30 111
9. Dysoxylum 0.54 6.17 1.95 1.48 m

10.  Artocarpus 0.29 2.79 0.68 0.54 1

11.  Ficus 0.39 4.12 0.87 0.94 I

12, Myristicaceae** 0.49 4.22 1.68 1.00 1

13.  Eugenia 0.75 9.11 2.63 2.59 v

14.  Podocarpus 0.51 5.99 2.31 1.46 1

15.  Pometia 0.63 8.18 2.48 2.31 11

16.  Madhuca 1.08 13.17 7.77 5.31 Vv

17, Palagquium 0.60 6.70 2.33 1.70 111

18.  Ailanthus 0.46 4.99 1.59 0.99 I

19.  Heritiera 0.57 7.06 2.32 1.49 111

Notes:
* : Tangential surface hardness is classified based on the classification used in Japan Forest Experiment
Station.

%+ Family name.

E  : Hardness of end surface,

T . Hardness of tangential surface.

R : Hardness of radial surface,

SG : Specific gravity.
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group I1.

Observation on the hardness calculations for specimens from group II also indicated that not
all of the hardness of the observed species could be reduced by boiling treatment. A higher
hardness value on tangential surface is found in eight species of group 1 and nine species of
group II. Although hardness of those species increased after treated by boiling treatment, only
some of them had the hardness value higher than 1 kg/mm?, they were Palaquium sp. and Heri-
tiera sp. from group I and Koordersiodendron sp., Canarium sp., Dysoxylum sp. and Heritiera sp.
from group II.

The results of group IT in Table 3 show that in general, air drying treatment could increase
hardness of a green condition wood as much as 1.7 times, while a reduction of 5% might be
expécted by boiling a green condition wood in 100°C water for at least four hours. Table 3 also
shows that the effect of boiling treatment on tangential surface of green wood is in the average of
5% reduction. Therefore for some species boiling is supposed to be the suitable treatment before
they will be processed in a wood industry such as log peeling in plywood industry or any other
processing in other industry in which a low hardness on tangential surface is desirable. For other
uses, in which high hardness wood is an important factor then an air drying or boiling treatment
for some species could be applied to increase their hardness.

(5) Hardness from Pith to Bark.

Each of the nineteen species came from group II was measured its hardness from pith to bark.
Based on the data obtained in this measurement, then hardness distribution from pith to bark of
those nineteen species could be classified into five general patterns of the hardness distribution.
These five general patterns are shown in Fig. 5. In pattern one, high hardness value begins in the
area near the pith and the value gradually decreases until it reaches a quite low position, then it
gradually increases to a higher position than the initial value and finally down again to a value of
approximately the same with the initial value. Terminalia sp. and Octomeles sp. belong to this
pattern.

Hardness in pattern two and three show that in the area near the pith, the value is the lowest
whereas in the area near the bark the value reaches its maximum point, in other word, the longer
the distance of a given wood from its pith, the higher the value of the hardness. The difference

between these two patterns is that the rate of increment in pattern two is higher than the rate
in pattern three. Pattern two was found in Koordersiodendron sp., Canarium sp. and Palaquium

sp. whereas Litsea sp., Myristicaceae, Eugenia sp., Madhuca sp. and Ailanthus sp. belong to
pattern three.

Pattern four, this pattern begins with an almost straight line from the area near the pith until
an area of about half of its radius. The line is then up until a distance of about 0.7 of its radius,
from this point the line is then down to a position of about the same with its initial position.
Gonystylus sp., Podocarpus sp. and Heritiera sp. are represented by this pattern.

Pattern five, the graph in pattern five fluctuates in the same rate. Of the nineteen Togian
wood species used in this study, six of them belong to this pattern. They are Lophopetalum sp.,
Calophyllum sp., Dysoxylum sp., Artocarpus sp., Ficus sp. and Pometia sp.

Classification of Nineteen Togian wood species based on the pattern of the hardness from pith
to bark is presented with its specific gravity and average air-dried hardness value in Table 4.



(6) Hardness Classification,

Table 5 presents wood hardness of three different surfaces in air dry condition for nineteen
species of group II. A classification which is based on a different criterion from the previous
classification is also presented in Table 5. Air dried wood hardness on tangential surface of those
nineteen species had been determined their classes here, in accordance with the classification
used by Japan Forest Experiment Station. Air dried wood had been used in this classification
simply because this condition is easy to be obtained. If we compare this classification with the
previous classification, then it is clear that there is no relationship between those two classifica-
tions. Terminalia sp. and Octomeles sp., for example, they belong to the same pattern, but they
do not belong to the same class in Table 4. Classification in Table 5 also shows that most of the
Togian wood species belong to Class I1I. Based on the fact that in general air dried and boiled
wood have hardness 1.7 and 0.95 times as much as green wood respectively, then with some
exception or in general those belong to Class III in Table 5 are considered to be easy to be peeled
when they are in green or boiled wood conditions.

6.1.4 Conclusions
Hardness test is a simple and easy method as a preliminary test for determining the charac-
teristics of a given wood, especially for wood which properties varied significantly. Hardness
value can also be used for determining the use of a given wood, This is supported by the fact that
there is a strong correlation between hardness and specific gravity. Other studies such as the
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Fig. 5. General pattern of air dry hardness of tangential surface from pith to bark for
nineteen Togian wood species.
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relationships between hardness of woods used in this study and its modulus of elasticity or any
other mechanical properties as well as physical properties are considered necessary to do.

1.

Based on the results obtained in this study then the following conclusions are drawn:
Average specific gravity for those nineteen species belong to group Il were in the range of
0.29 to 1.08.

. Of the nineteen species used in group I, Arfocarpus sp. had the lowest hardness value and

Madhuca sp. had the highest hardness value.

. Hardness of end, tangential and radial surface increased with increasing specific gravity. The

relationships between specific gravity and hardness, could be reasonably described by linear
regression equations.

. Among three different surfaces, the highest hardness was on end surface while the lowest

was on the radial surface.

. Air dried wood had higher hardness value than two other specimen conditions.

6. The higher the specific gravity of a given wood the lower the ratio of end to radial surface

10.

hardness.

. For some species, boiling is supposed to be a suitable treatment for reducing their hardness.
. There are five general pattern of the distribution of tangential surface hardness from pith to

bark.

. Classification based on the distribution of the hardness from pith to bark gives a different

result from that of the classification based on the hardness on tangential surface of the same
specimen condition.

Most of the Togian woods belong to Class III of the classification used by Japan Forest
Experiment Station. '
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Appendix 1. List of Twenty-two Wood Species Used for Hardness Test. Group L

No. of tested*

No. TFamily Botanical Name timber
1. Anacardiaceae Dracontomelon sp. 1
2. Anacardiaceae Spondias sp. 4
3. Burseraceae Canarium sp.-1*% 6
4,  Burseraceae Santiria sp.-1 11
5.  Burseraceae Santiria sp.-2 12
6. Combretaceae Terminalia sp.-1 15
7.  Combretaceae Terminalia sp.-2 16
8. Combretaceae Terminalia sp.-3 17
9. Euphorbiaceae Sapium sp.-1 26

10.  Lauraceae Litsea sp.-1 31
11.  Lauraceae Litsea sp.-2 32
12. Meliaceae Aglaia sp.-1 35
13.  Meliaceae Sandoricum sp.-1 40
14. Moraceae Fieus sp.-1 43
15.  Sapotaceae Palaquium sp.-1 56
16.  Simarubaceae Ailanthus sp. 61
17.  Sonneratiaceae Duabanga sp.-1 63
18.  Sonneratiaceae Duabanga sp.-2 64
19,  Sonneratiaceae Duabanga sp.-3 65
20.  Sterculiaceae Heritiera sp.-1 67
21.  Sterculiaceae Sterculia sp.-1 72
22, Sterculiaceae Sterculia sp.-2 73
Notes:

EY R
EE N

See 1.1 Wood Identification Table 1.

More than one species of this group used for this test.



Appendix 2. List of Nineteen Wood Species Used for Hardness Test, Group II.

No. of tested*

No.  Family Botanical Name timber
3 1. Anacardiaceae Koordersiodendron sp. 2
2. Burseraceae Canarium sp. 7
3. Celastraceae Lophopetalum sp. 14
4.  Combretaceae Terminalia sp. 18
5. Datiscaceae Octomeles sp. 23
6. Gonystylaceae Gonystylus sp. 28
7. Guittiferae Calophylilum sp. 29
8.  Lauraceae Litsea sp. 33
9.  Meliaceae Dysoxylum sp. 39
10.  Moraceae Artocarpus sp. 42
11, Moraceae Ficus sp. 44
12, Myristicaceae - 45
13, Myrtaceae Lugenia sp. 47
14,  Podocarpaceae Podocarpus sp. 49
15.  Sapindaceae Pometia sp. 53
16.  Sapotaceae Madhuca sp. 55
17.  Sapotaceae Palaquium sp. 57
18.  Simarubaceae Atilanthus sp. 62
19.  Sterculiaceae Heritiera sp. 68

#; See 1.1 Wood Identification Table 1.

- 218



Appendix 3.

Hardness of Each Specimen for 22 Species. Group 1.

E
Wood Species
No. G B G B G B
Dracontomelon 1 2.43 2.54 0.82 0.95 0.79 0.90
2 3.03 3.33 0.53 0.93 0.56 1.06
3 1.90 2.47 0.51 1.15 0.50 1.20
4 2.14 3.95 0.66 0.96 0.88 1.00
5 2.16 3.75 0.50 1.26 0.79 0.88
Spondias i 2.62 1.98 0.71 0.85 0.81 0.76
2 3.03 2.28 0.94 0.80 0.77 0.82
3 3.10 2.00 0.66 0.73 0.88 0.71
4 2.20 2.88 0.82 0.72 0.83 0.76
R 2.56 2.54 0.61 0.73 0.72 0.88
Canarium 1 2.78 2.10 0.80 0.91 1.38 0.91
2 2.89 2.76 1.01 0.80 1.30 0.96
3 3.15 2.97 1.10 0.87 1.19 0.86
4 2.28 2.77 0.88 1.20 1.44 0.95
5 3.78 247 1.15 1.30 1.20 0.95
Santirig-1 1 3.10 2.86 1.25 0.63 1.09 0.63
2 2.85 2.67 0.94 0.98 1.40 0.63
3 3.83 2,70 1.24 1.03 1.14 0.52
4 342 2.80 1.35 1.07 0.64 0.70
5 3.27 2.93 1.19 1.15 1.17 0.68
Santiria-2 1 3.48 2.89 1.29 1.15 0.96 0.93
2 3.88 2.55 1.33 1.26 0.97 1.10
3 3.89 2.64 1.20 1.24 1.09 1.03
4 3.43 3.04 1.28 1.31 1.10 1.00
5 3.38 3.10 1.32 1.22 1.06 0.96
Terminalia-1 1 3.55 3.42 0.94 1.08 0.79 0.93
2 4.02 3.29 0.94 1.20 0.72 1.18
3 2.71 4.00 1.24 1.03 0.60 - 1.21
4 3.34 4.02 1.32 0.94 0.88 1.06
5 3.61 3.27 0.86 0.92 0.72 1.42
Terminalia-2 1 2.70 3.04 0.89 0.61 0.64 0.51
2 3.23 1.88 1.00 0.69 0.82 0.55
3 3.09 2.63 1.14 0.61 0.62 0.50
4 3.36 2.39 0.71 0.65 0.71 0.43
5 3.16 2.53 0.86 0.62 0.68 0.39
Terminalia-3 1 4.22 4.32 1.72 1.68 1.44 1.29
2 4.22 3.45 1.66 1.60 1.44 1.48
3 443 3.72 1.74 1.68 1.40 1.28
4 4.27 3.60 1.66 1.55 1.40 1.03
5 4,28 3.76 1.78 1.67 1.46 1.22
Sapium-1 1 2.20 1,07 0.70 0.53 0.48 0.32
2 1.78 1.09 0.64 0.55 0.43 0.35
3 2.01 1.10 0.59 0.52 0.50 0.31
4 2.25 1.13 0.70 0.54 0.43 0.27
5 1.85 1.81 0.55 0.52 0.52 0.46
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(Continued)

E R
Wood Species
No. G B G B G B
10.  Litsea-1 1 1.94 2.25 0.85 0.60 0.64 0.72
2 2.56 1.97 0.53 0.69 0.78 0.58
3 1.84 1.60 0.88 0.52 0.76 0.80
4 243 2.09 0.76 0.92 0.70 0.67
5 1.95 1.98 0.75 0.71 0.66 0.63
11, Lirsea-2 1 2717 2.03 0.70 0.68 0.61 0.70
2 2.64 191 0.89 0.66 0.78 0.62
3 2.83 1.83 0.95 0.64 0.70 0.65
4 2.60 2.31 0.97 0.59 0.64 0.63
5 2.60 1.91 0.75 0.66 0.68 0.62
12, Aglaia-1 1 3.70 2.79 1.57 1.03 1.56 0.72
2 3.64 3.06 1.39 1.02 1.49 0.60
3 3.52 243 1.59 1,12 0.88 0.50
4 3.51 244 1.28 1.15 1.52 0.80
5 4.12 2.73 1.53 1.03 1.01 0.58
13, Sandoricum-1 1 2.00 1.86 0.75 0.74 0.57 0.62
2 2.33 1.72 0.82 0.96 0.73 0.78
3 2.04 1.97 0.76 0.96 0.55 0.63
4 2.31 1.88 0.76 0.88 0.60 0.76
5 2.28 2.00 0.76 0.82 0.58 0.57
14.  Ficus-1 1 2,69 - 2.66 0.77 0.72 0.54 0.77
2 2.87 2.72 0.80 0.63 0.86 0.67
3 311 3.06 0.72 0.83 0.72 0.73
4 2.29 2.35 0.70 0.99 0.69 0.80
5 278 241 0.78 0.88 0.71 0.68
15, Palaquium-1 1 2.89 2.76 0.96 121 0.61 0.74
2 2.75 2.61 0.77 1.15 0.53 0.99
3 2.47 2.81 0.80 1.19 0.60 0.92
4 2.92 3.22 0.89 1.24 0.58 0.92
5 2.91 2.92 0.79 1.17 ' 0.66 0.99
16,  Ailanthus-1 1 2.07 1.98 0.63 0.64 0.50 0.47
2 2,18 1.98 0.65 0.52 0.49 0.45
3 2.11 2.00 0.52 0.57 0.49 0.52
4 2.04 201 0.61 0.62 0.45 0.40
5 2.17 2.20 0.64 0.63 0.51 0.41
197.  Duabanga-1 1 1.71 1.20 0.59 0.30 0.61 0.50
2 2,18 1.17 0.58 0.34 0.52 0.44
3 2.06 1.00 0.67 0.39 0.54 0.43
4 1.79 1.53 0.68 0.39 0.60 0.42
5 2.10 1.75 0.72 0.28 0.57 0.53
18.  Duabanga-2 1 1.15 0.79 - 0.43 0.54 0.54
2 1.93 0.67 0.53 0.45 0.42 0.53
3 1.05 1.04 0.72 0.61 0.49 0.52
4 0.93 0.77 0.73 0.57 0.57 0.74
5 1.30 1.03 0.73 0.48 0.48 0.57
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(Continued)

E T R

Wood Species

19.  Duabanga-3 1 1.38 2.21 0.61 0.29 0.52 0.56
2 1.92 1.57 0.68 0.40 0.51 0.57
3 1.28 1.82 0.63 0.54 0.62 0.64
4 1.89 1.47 0.54 0.58 0.54 0.50
5 2.14 1.61 0.43 0.48 0.50 0.60

20.  Heritiera-1 1 3.15 3.66 1.18 1.11 0.97 1.47
2 3.19 3.70 1.19 1.33 1.00 1.30
3 4.39 4.56 1.16 1.07 0.94 1.16
4 3.49 4.39 1.14 1.37 1.08 1.53
5 3.69 4.08 1.14 1.36 1.19 1.31

2L, Srerculia-1 1 1.62 1.57 0.48 0.42 0.29 0.28
2 1.62 1.85 0.44 0.39 0.32 0.31
3 1.83 1.83 0.45 0.45 0.34 0.27
4 1.81 1.70 0.50 0.38 0.40 0.36
S 2,26 1.47 0.42 0.40 0.33 0.31

22, Sterculia-2 1 1.43 1.47 0.42 0.41 0.33 0.27
2 2.22 1.85 0.33 0.42 0.32 0.38
3 2.18 1.99 0.42 0.44 0.49 0.37
4 1.50 1.96 0.39 0.31 0.36 0.35
5 2.17 1.86 0.37 0.47 0.40 0.30

Notes:

E  : End surface.

T  : Tangential surface.

R : Radial surface.

No. : Specimen’s number.

G : Green wood.

B : Boiled wood.

All of the hardness values are in kg/mm?2,

221



w0 890  $S0  €L0 080 TS0  I8T . LOW 61T 1€°0 L
780  vIT €00 180 S6T 180 68T 095 S67C LSO p1
060 Lyl L80  SOT 9T  6I'T  LTE  $99  T6E 150 0t
pe0 ST YOT  O¥T  9€T  8I'T  SEE YTL  vIY 990 st wndydorny L
ST 6LT 080  T60 66T 660 8T €49 ¥O€ $5°0 8
(80 98T . S60 80 96T  STT  ¥SE€  LUL  69€ 8570 vl
680 9T  S60  0TT  9¥T  O€T  8¥E  0EL €T 090 6T
880  SLT 80  9TT  TET  0€T  0gE  yIL I8€ 85°0 €t
160 19T 8UT LT LTT o OFT ¥9E TEL 0¥ LSO o€ snjdisduoy 9
660 850 60 80 860  O¥0  6TT 09T  9€T 870 9
Lro LSO SY0  6¥0 690 €S0 YT S0€ TSI €€°0 01
650 €L0  6¥0 090  ¥80  SS0 IS8T 6¥E 60T 90 ST
680  OUT  I¥T  OI'T 9T ¥IT OovT W0V T 50 €€
sp0 €80 950 950 €60  $90 T SEE ¥ 8€°0 67 sapauiong
p9T  STE 6T 9¥T  90v  8LT  €I'E 808 ELE - 4
€01 8¢T  ¥80  ¥ET  TrT 9T S8T 189 - 9I€ 650 91
e s ver  9s€ Tr9  SLy €99 LUTE 0T - 1e
061  SOC  PST  9TT  69€ 96T 'S LE6  90°S 6L0 9z LTV _
80 €0  6y0 690 Tl LSO ITT Iy LI 6€0 s 8
1o 6T SY0 860 6T  ¥80  LST  88'S 89 §7°0 4l .
pL0 9T SLO  ¥80 9T S60  ¥8T  T99  6I€ 050 0z
080  T¥T 180  9T'T  TwT 0T Tr'E  T8S  SEE 50 Lz wnjoradoydo] -
690 €T 190 €90 €T €90 80T 9% SIT b0 s
LT 6T L8O 8TT 00T  TY0  O¥T  ST9 0¥ §5°0 I
wr T LT LT TTT 16T 80€ STL LTE §9°0 91
LCr L6160 €TT  €9T  TIT 9TE 089 8YE 590 ¥e wnpoun)
SP0 90T ¥90 950 060 880 86T  €€¥ 981 €50 v
ve'1 19T HIT ssT LT 0TT  19€ €L 6I€ €L°0 4l
1w vt s¥T IST 96T LET 86 w6 0EY 780 91
LY 8Lt sUT T8 Ty 9T €Sy 8T6 96 6L°0 0z uoipuaposoPI0Y 1
a av ) g av 9 g av 9
o8 aa so103d ooy
repey TerpueuE L pug

11 dnoiny “sesdS g1 10§ qieg 03 Yld Ewc ssouprel “§ xipuoddy




L0 0s'1 €11 L9°0 PET 60'1 SLT €9 96¢ 1$°0 L

€L°0 91 90'1 L9°0 £L°C €0'1 §¢7 €L'S 99°¢ 780 71

890 £l 86°0 19°0 $€°T €11 §$°Z 16°¢ oLe 1570 0t

89°0 X 18! 6570 18°1 €80 £9°C 66'S €9°¢ 150 ¥ sndaoopod %1
6¥°1 v’z 191 1 LT 1 €L€E w6 98¢ LLO 8

1 0£¢ 6v'1 S5y 95'z S6°1 ¥8°¢ $9°8 6¥t LLO 1

98'1 - 1 Sy - 671 €S - 80°S 9L°0 €T

161 LO'S $6°1 00'T L6°T 76’1 LLY 86'8 80°S 1L°0 0¢ ouadng gl
LS0 080 oF'0 L9°0 60'1 590 051 9¢°¢ At €90 6

1L°0 860 89°0 780 w1 9L°0 90'C L8y 9¢°¢ 080 91

¥9°0 90°1 L9°0 90°1 00¢ £0'1 96°1 65°F 0T 050 1T

99°0 PI°1 89°0 01 761 90'1 861 YOv 8T €50 8¢ #PDRIVISUA L1
€T0 90 70 £€°0 $£°0 9¢°0 980 00 £6°0 970 N

0 PLO (1j 0] 6£0 0L0 ] wi L8°€ $8°1 L€0 01

850 88°0 80 650 1! 050 €1z A4 1£°C oro 91

790 138! 750 $9°0 6L°0 £9°0 11e 89'v 9¢'C £¥°0 €T

£8°0 £S°1 18°0 50 651 IS0 $$T ILs 98T 15°0 8z smaLy 11
LEO 620 870 6270 b0 09°0 £8°0 LoT £L°0 120 iy

S¥0 $C°0 69°0 S0 080 SY°0 1 LSE 89°1 760 €1

€0 §5°0 £€°0 SY'0 6970 050 Se1 89T 9¢°1 870 0T

190 8L°0 50 90 8L°0 9’0 Syl $8°T SL°1 $€°0 1z sndwooly
1870 LOT LYY $8°0 6670 96°0 €T S6'¥ 81°¢ SH0 9

08°0 11 96°0 s¢'l 9¢°1 1 79T £5°S 9¢°¢ 050 €1

LE1 591 1 SLT 9¢°z $9°1 or'e 659 oLe 950 61

PT I 65°1 ST'1 €Ly 91°¢ 1671 $e€ 80°L 0% LS°0 £T

001 9.1 €11 1 897 (11281 £T'€ L9 s8¢ 19°0 €€ wmdxos{q 6
990 SL0 8L°0 98°0 Lo 001 991 60°¢ LTt 1€°0 6

850 ST'1 £8°0 1670 9¢'T LE'T 81°C ¥T'S 16°C o 91

98°0 Ly1 76°0 011 £5°1 Tl we 90°S 60°€ 6¥°0 1T

780 $ST 60°1 0g'1 sTT Wl LTt 1§23 ¥6°C IS0 14

080 611 61°1 L60 07T 6771 89°C LTS 00°¢ 080 ¥ vasir] 8
g av ) q av 5 q av )

o8 da $a100dS poom
TeIpEY Enusiue], puy

(ponuiiuo))

3

28



* ZWILL/SY U 918 SONJBA SSOUPIRY 9Y] JO [[V

“ouIBU AJIUIe,f

*

-90ByINS JRIpRY : [BIpEY
-gopyIns [erjuaSue], : [enualur]

*90BJINS puy : puy
‘poompariogd : g
‘POOM PILIP-ITY 1 OV
POOM UBRIH I H
‘AyaeI8 orpoads A1p-1y @ OS
(wo) yud woxy soueisiq @ 44
1S3J0N
901 0£'1 (U] 8y'1 0T (AN €9t 869 STy 50 S
9T'T 8¢'1 1A [42] §§°C Wl 6T°¢ LTS 9p'e §5°0 [41
8¥'1 Wl L0°1 Ly 6T°C 6¢'1 9Lt 959 £6°¢ 950 L1
191 €81 wi 9’1 6£°C 'l STy '8 1Ly $9°0 ¥T vINLBH 61
0v'o $8°0 £V°0 09°0 61 8€°0 81 88y 80T £V°0 91
950 (4! 050 18°0 891 SL'0 LET or's 8V 6v°0 124 smyauvpy” g1
$9°0 90°1 €01 680 SET 1771 89°C LrS e 050 11
(420} 10°C 89°1 'l 85T 90'C or'e €L 9t ¥9°0 81
07’1 LLT 691 §6°1T 19T €L 0ce 8€L vLe £9°0 ¥C
1 S6'T £€e'1 172 8LC LT sTe wL 619 ¥9°0 [43 wamnboppg L1
(A% 4 [ XAy e 8y 9L 8L’y L9 st 6'L 01 81
o'y LTS LeS L6V 8Y°L 0079 08 LLel 1¥'6 (Rt LT
SL'y 142 P9y LTS 65°L yes LYL 6Ll L9°8 01T e
9T’¢ 0TS 00t 69°¢ 9¢'8 19°¢ §9°9 98¢l 6¢°L SO'L ov wonypoy - 91
Lo 97 £8°0 Lo 90°C 8L0 [4:x4 9L’L 1Te §5°0 9
80 61 80 76'0 8L°C ¥6°0 062 e £0°¢C 85°0 (4]
71 96°C YTl Le1 £9°C £TT 99°¢ 206 oy 0L°0 81
91 SLT el 1 £5°C SLT y6°c £8'8 05y 690 ST ppauwtod 'Sl
il av D d av O q av 2
o8 dd saroads poop
[etpey Ernusgugy pud

(ponuriuoDd)

904




-208JInS puy]

‘20RJINS [enuasuny, L
*9OBLINS [BIPRY b
“Kiaeid oyweds @ OF
ey Afiwae,| %
:$910N
£r'e 171 I £0°¥ (421 1 1§43 0l I age12AY
06'C LT I Ly 81 1 19°¢ 0’1 I LSO niduMal - 61
&y Y1 I yi°s 91 I 06'v (U} I 90 smauniy” g1
L8'T T 1 17°¢ 9¢71 I £€9°C 81’1 1 09°0 wmmnboisg  cLY
LL [AN} 1 8¥'T Ly'1 1 L0°T [44ant 1 801 vonypoly - 91
0ee £0°1 I 69°¢ (40! 1 8Y'¢ 8071 1 £9°0 pyauiod "¢y
1€ 0670 I 1404 6571 I 8¥'¢ §€6°0 I 150 sndivoopod "¢
€8T 00’1 I 8¢6°¢ 0’1 I 06'C €11 1 SL0 nwasng g1
09T 6¢°1 1 8Ty L9°1 1 6¥'¢ 91 I 60 #PDIDINSUAW "1
9¢°¢ 001 1 6v'v 160 1 32 4 801 1 6€°0 snoly U1l
0ge - 80°1 I 129 0e'l 1 £€ee Se1 I 67°0 sndwoolly 01
L8°T $E'1 1 Y 6771 1 ST'€ 80°1 1 ¥5°0 wmdxosdq g
CITE 9¢'1 T 9L¢ 0T’ I 00°¢ €L 1 At vasiry '8
89°¢ €'l 1 S0°¢ 891 T STy 4! 1 670 wnjjdydojpy  °L
09°¢ 4! I Y0¥ LTT 1 68°¢ 671 I 850 snjdisduon 9
1T°¢ (4} I 9y sel I 0s¢ €'l I 8¢0 sajowio1p0 S
8¢'T 601 I 65T (4! I 06'C 95°1 I 080 mppud]  Cy
v6'¢ el 1 65y W1 1 Yoy ST I L0 wnplpdoydo] ¢
[A4 0Tt 1 STe 001 I £1e j40¢ I LSO wnuouoy g
08¢ €571 1 6¢°c 01 I LT L1 I Lo UOIpUIPOISI2PLO0Y "]
q L | q L d q L d oS
so100dg poom
paftog poLp-IIY uRIH

‘11 dnoxsy "saroadg 61 10F SUOBIPUOD

Surisal JUSIBIII(Y SOXYL Ul SSOUPIRH 90B1ING [EIPBY] 0} 20BJING Ui PUE [RNUASUR], o] jo oney

¢ xipuaddy

-
Q7

~22



Appendix 6.

Ratio of The Outermost To The Innermost Hardness For 19 Species.

Group 1L

Wood Species Share Ratio
1. Koordersiodendron 0.20 3.04
2. Canarium 0.23 1.78
3. Lophopetalum 0.19 1.61
4. Terminalia 0.39 1.25
5. Octomeles 0.19 1.40
6. Gonystylus 0.27 1.23
7. Calophyllum 0.28 2.11
8. Litsea 0.27 1.48
9. Dysoxylum 0.18 1.51
10. Artocarpus 0.17 1.67
11. Ficus 0.18 2.96
12, Mpyristicaceae® 0.30 1.49
13. Eugenia 0.28 1.26
14. Podocarpus 0.26 0.90
15. Pometia 0.24 - 1.65
16. Madhuca 041 0.93
17. Palaquium 0.33 1.64
18, Ailanthus 0.65 1.32
19. Heritiera 0.21 1.21
Notes:
Share : Share of the innermost specimen on the radius of the log.
Ratio : Ratio of the outermost to the innermost hardness of the same radius of log.

*

: Family name.
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Appendix 7. Ratio of Boiled to Green Wood Hardness on Three Different
Surfaces for 22 Species. Group 1.

E T R
Wood Species
G B G B G B
1. Dracontomelon 1 1.38 1 1.75 1 1.44
2. Spondias 1 0.87 i 1.03 I 0.98
3. Canarium-l 1 0.88 1 1.03 1 0.72
4.  Santiria-1 1 0.84 i 0.81 1 0.58
5. Santiria-2 1 0.79 1 0.97 1 0.96
6.  Terminalia-1 1 1.04 1 0.97 1 1.57
7.  Terminalin-2 1 0.80 1 0.70 1 0.70
8.  Terminalia-3 i 0.88 1 0.96 1 0.88
9.  Sapium-1 i 0.61 1 0.83 1 0.72
10.  Lizsea-1 1 0.93 1 0.92 1 0.94
11, Litsea-2 1 0.97 1 0.76 1 0.94
12, Aglaia-1 1 0.73 1 0.73 1 0.50
13.  Sandoricum-1 1 0.86 i 1.13 1 1.10
14.  Ficus-1 i 0.96 1 1.08 1 1.04
15.  Palaquium-1 i 1.03 1 1.42 i 1.52
16.  Ailanthus 1 0.96 1 0.98 1 0.92
17.  Duabanga-1 1 0.68 1 0.52 1 0.81
18.  Duabanga-2 1 0.68 i 0.75 1 1.16
19.  Duabanga-3 1 1.01 i 0.79 1 1.08
20.  Heritiera-1 1 1.14 1 1.08 1 1.30
21, Sterculia-1 1 0.89 1 0.89 1 0.91
22,  Sterculia-2 i 0.96 1 1.05 1 0.87
Notes:
E @ End surface.
T : Tangential surface.
R : Radial surface.
G : Green wood.
B : Boiled wood.
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