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AHMAD SHAKRI MAT SEMAN, ASHAARI HJ. AMIN, HILMI MD. TAHIR & SAID
AHMAD. 1994. Some mechanical and abrasive properties of pinang salak (Areca
catechu) stems. The mechanical and abrasive properties of pinang salak (Areca catechu)
stems were tested in accordance to the standards B.S. 373 (1957) and ASTM D 1037 -
72a(1977) respectively. Results from both tests showed the superiority of pinang salak
when compared to other palms such as coconut, oil palm and some rattan species.
Pinang salak is also comparable to kempas in terms of its strength and abrasive
resistance.
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AHMAD SHAKRI MAT SEMAN, ASHAARI HJ. AMIN, HILMI MD. TAHIR & SAID
AHMAD. 1994. Beberapa ciri mekanikal dan lelas batang-batang pinang salak (Areca
catechu). Ciri mekanikal dan lelas batang-batang pinang salak (Areca catechu) masing-
masing diuji mengikut piawaian B.S. 373 (1957) dan ASTM D 1037-72a (1977).
Keputusan kedua-dua ujian menunjukkan kelebihan pinang salak berbanding
dengan palma lain seperti kelapa, kelapa sawit dan beberapa spesies rotan. Pinang
salak juga setanding dengan kempas dari segi kekuatannya dan ketahanan lelasnya.

Introduction

Traditionally, small-sized palm stems such as pinang (Areca catechu), nibong
and bayas (Oncosperma sp.) are widely used in the construction of animal sheds
and banks for irrigation purposes. Some of the stiffer palms, especially nibong,
are used as flooring and columns in the construction of rural homes. The
reasons for the selection of these stiff palm stems for such purpose are its
durability and easy availability.

Pinang salak (Areca catechu) is one of the palms that have been extensively
studied. However, most of the studies were on the pathological problems of its
fruits and roots (Anandaraj & Sarawathy 1986, Dutta & Hedge 1987, Kumar
& Hedge 1987, Sastry & Hedge 1987), and on its growth and performance
(Balasimha 1987, Bhat 1987, Rao 1987). Little work, however, has been done on
the utilization of its stems.

This study examines the basic mechanical properties and abrasive resistance
of pinang salak stems to determine their potential uses.
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Material and methods

Seven pinang salak stems were obtained from the vacinity of the Forest
Research Institute Malaysia. The stems were first cut at 300 cm above the ground
and a second cut was made at 300m from the first fruit bunch down (Figure 1).
Each stem was then cut into three equal sections and identified as butt, middle
and top sections. A 250 cm subsection from the bottom of each section was taken
for mechanical properties. The remaining part of each section was sawn into
boards which were air-dried.

Figure 1. The cutting of palm stem into sections
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Physical and mechanical tests

Boards used for physical and mechanical tests were prepared following the
International Standard ISO 3129-1975 (E) (Anonymous 1975). Each section was
sawn into boards in the direction of two mutually perpendicular diameters
(Figure 2). Outer and inner sticks of 40 mm thick were obtained from these
boards. The sticks were cut into three equal parts to yield green and dry samples
as shown in Figure 3. The "dry" test samples were accordingly air dried and were
then cut into various dimensions depending on the requirements of the tests (Table
1). The green test samples, however, were cut into various sizes and were
immediately sent for the various tests as depicted in Table 1. The allocation of
specimens for each test from each part is as given in Figure 4. The tests were
conducted according to B.S. 373 (Anonymous 1957).

E - 1

Figure 2. Sawing of section into hoards for mechanical test

Table 1. Tests and dimensions of the samples for mechanical testing

Type of Test Dimension oi Sample (mm)

Moisture content 20 X 20 X 60
Specific gravity 20 X 20 X 20
Modulus of rupture 20 X 20 X 300
Modulus of elasticity 20 X 20 X 300
Impact banding 20x20x300
Compression parallel to grain 20 X 20 x 60
Site hardness 20 X 20 X 300
Shear parallel to grain 20 X 20 X 20
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Figure 3. The allocation of boards for green and air dry parts
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Figure 4. The allocation of specimen for each test

Abrasion test

Each section that was allocated for the abrasion testing was sawn into boards
in the direction of two mutually perpendicular diameters. Outer sticks of about
20 mm thick were obtained from these boards (Figure 5). The sticks were then air
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dried. Test samples of dimensions 25 X 10 X 75 mm were prepared from these air
dried sticks. The faces of the sticks towards the bark and pith of the stem were
called outer and inner faces respectively. For each section and face, the test
specimens were taken at random and were glued sideways to form a larger size
specimen of dimensions 50 X 10 X 75 mm.

20 mm

Figure 5. Sawing of section into sticks for abrasion test

Twenty of the larger size specimens of each outer and inner faces from the
butt and middle sections were prepared for testing. The abrasion test was
conducted according to the American Standard D 1037- 72a (Anonymous 1977).
The abrasive medium used was aluminium oxide of 80 grit number. The test
specimens were mounted onto the holder using epoxy adhesive (Figure 6). A
fixed pressure was applied on the specimen by using a 4.5 kg weight on lop of the
holder wear. The abrasive wear on the specimen was obtained by grinding against
a revolving disc covered with the abrasive medium. Both the specimen holder
and the disc revolved in the same clockwise direction with speeds of 32.5 rpm and
23.5 rpm respectively.

The specimen was lifted at 1.6 mm distance and dropped back in contact
with the disc twice during each revolution. The abrasive medium was
introduced to the revolving disc via a mechanically agitated hopper at a rate
of about 46 g min-1. The abrasive medium was changed after every 200 revolutions.
The sample's weight loss was measured afterh 100 revolutions of the revolving
disc until 1000 revolutions were achieved.
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Metal Plate

Figure 6. Sample holder with test, specimen attached

Results and discussion

Most of the boards obtained from pinang salak stems twisted and collapsed after
air drying. Moisture content of the boards was reduced to about 17% in four
months. Only samples from the butt section were suitable for mechanical testing.
The results of the mechanical test are given in Table 2.

Table 2. Mechanical properties: outer part of b u t t section (Areca catechu)

Condition Moisture Specific Modulus Modulus Impact Compression Side Shear
content gravity of of bending parallel hardness parallel

rupture e las t ic i ty to grain to grain
(%) (g mm-3) (N mm-2) (N mm-2) (mm) (N mm-2) (N) (N mm-3 )

92.67 0.637 98.79 14.369.70 1.0170.00 39.85 4,720.27 5.92
Green

±23.20 ±0.09 ±26.79 ±1963.63 ±246.90 ± 1 0 . 1 2 ±1,849.40 ±2.24

Air dry
1 7 . 1 4 0.695 126.16 13,163.77 1,391.92 47.04 6,332.12

±0.64 ±0 .15 ± 1 5 . 1 1 ±3,877.47 ±330.40 ±16.90 ±3.815.01

Pinang salak generally has better strength properties compared to three other
palms as shown in Table 3. It has higher MOE, MOR, compression parallel to the
grain and side hardness than coconut, oil palm and manau cane. The outer portion
of the butt section is comparable to the timbers of strength group 'A'. This could
be clue to the concentration of vascular bundles in the outer section and maturity
at the butt section.
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The results from the abrasion tests are given in Figure 7. It was found that the
weight losses of the inner and outer faces of the boards for each butt and middle
sections were different.

Sources: * Tamolang el al. 1958, ** Killmann & Lim 1985, *** Abd. Latif et al. 1987.

100 200 300 400 500 600 700 800 900 1000
Number of revolutions

Figure 7. Results from the abrasion test of pinang and kempas
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Table 4. Abrasion properties ol pinang salak. manau cane and kempas

Species

Kempas*
( Koompassia)

malaccensis)

Manau**
(Calamus manan)

Pinang salak
(Areca catechu)

Butt section

Middle

Densi ty
(kgm-3)

880

750

637

Surfaces
abraded

Radial
Tangential

Along the grain

Outer
Inne r
Outer
I n n e r

Loss in weight
a f t e r abrasion (g)

0.441
0.381

0.981

0.484
0.925
0.522
1.408

Sources: * Mohd Shukari Midon 1983, ** Abd. Latif et. al. 1989.

In the case of the butt section, the weight losses for the outer and inner faces
after 1000 revolutions were 0.484g and 0.925g respectively. The losses in weight
for the outer and innerfaces of the middle: section were 0.522g and 1.408g
respectively. Thus the outer face of the boards is more resistant to abrasion
compared to the inner parts, clue to its much higher proportion of vascular
bundles. The vascular bundles in the outer part are matured and harder
compared to those in the inner parts.

It was also observed that the boards from the butt section were more resistant
against abrasion compared to the middle section. This could be due to the
congestion and maturity of the vascular bundle tissues present. The wear
resistance of this palm stem seems to be better than that of manau and mantang
cane ( Abd. Latif el al. 1989). The weight loss for the outer face from the butt
section boards is similar to that for the radial surface of kempas (Table 4 and
Figure 7).

Conclusion

Pinang salak was shown to be superior to coconut, oil palm and some rattans
and the butt section was comparable to kempas in mechanical and abrasive
properties. It is suggested that other studies like sawing recovery and the
protection of boards should also be conducted on pinang salak stem.
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