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ABSTRAK

Komposit adalah kombinasi dari dua atau lebih bahan yang berbeda dengan sifat mekanik yang
berbeda. Tujuan dari penelitian ini adalah untuk mengetahui pengaruh orientasi sudut tenunan komposit
bertulang serat Boehmeria Nivea terhadap sifat fisis dan mekanik. Serat Boehmeria Nivea direndam dalam
larutan basa dan dibuat tali dengan diameter 2-3 mm kemudian dianyam dengan orientasi sudut 0°15°,
0°/30°, 0°/45° dan 0°90°. Proses pembuatan komposit menggunakan metode press moulding. Pengujian
pada penelitian ini terdiri dari uji tarik dengan standar ASTM D3039, uji lentur dengan standar 1ISO 178 dan
uji densitas dengan standar ASTM C271. Hasil uji tarik menunjukkan bahwa kekuatan tarik tertinggi terjadi
pada orientasi sudut anyaman 0°/15°, yaitu sebesar 13,77 MPa. Sedangkan hasil uji lentur tertinggi terjadi
pada orientasi sudut webbing 0°/15°, yaitu sebesar 60,52 MPa. Kekuatan tarik dan lentur meningkat dengan
orientasi sudut anyaman yang lebih kecil.

Kata Kunci: komposit, sudut orientasi, uji tarik, uji lentur.
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ABSTRACT

Composites are a combination of two or more different materials with different mechanical
properties. The purpose of this research was to determine the effect of the angle orientation of the
Boehmeria Nivea fiber-reinforced composite woven on the physical and mechanical properties.
Boehmeria Nivea fiber is soaked in an alkaline solution and made into ropes with a diameter of 2-
3 mm and then woven with angle orientations of 0°/15°, 0%30°, 0°/45° and 0°/90°. The composite
manufacturing process uses the press molding method. The tests in this study consisted of a tensile
test with the ASTM D3039 standard, a flexural test with the ISO 178 standard and a density test
with the ASTM C271 standard. Tensile test results show that the highest tensile strength occurs at
0°/15° webbing angle orientation, which is 13.77 MPa. While the highest flexural test results
occur at the orientation of the 0°/15° webbing angle, which is 60.52 MPa. Tensile and flexural
strength increases with smaller webbing angle orientation.

Keywords: composites, orientation corner, tensile, flexural.
1. INTRODUCTION

The development of the times is closely related to the increasing need for materials. With the increase
in material requirements, material technology continues to be developed. Composite is a material
technology that is still being developed.

Composite is a combination of two or more materials that are not homogeneous and have
different mechanical properties [1][2][3]. Composites are composed of fibers that act as
reinforcement and binding material in the form of a matrix [3][4]. Fiber composites are developed
and used as an alternative to other materials in the form of wood, metal and other natural materials
[5]. This is because composites made of fiber are corrosion resistant, lighter, the manufacturing
process is easy and relatively inexpensive [6]. The strength of the composite is influenced by its
constituent fibers because the fiber is the main part of the load-bearing [7]. Based on the
reinforcing material, the fiber is divided into synthetic fibers and natural fibers [8].

Synthetic fiber composites began to be abandoned and shifted towards natural fiber
composites. This is because synthetic fiber composite waste is difficult to decompose and takes a
long time [2][4]. While natural fiber composites have several advantages over synthetic fibers,
namely high specific strength, environmentally friendly, cheaper and not harmful to health [9]
[10]. Then it is supported by the potential of Indonesia's plant wealth which is very abundant in
natural fibers such as coconut, banana, pandanus and Boehmeria Nivea plants [11].

Boehmeria Nivea plants are clump-shaped and have fibers in the bark [7]. Boehmeria Nivea
fiber has advantages in the form of good tensile strength and absorption values as well as
resistance to moisture, bacteria and heat. So that Boehmeria Nivea fiber is widely used as a
composite material [7]. Several ways have been done to increase the strength of the Boehmeria
Nivea fiber composite, including those carried out by Purboputro & hariyanto, 2017[7]. This
research investigated the effect of alkali treatment on the tensile strength and impact of Boehmeria
Nivea fiber composites. Meanwhile Zainuri, dkk 2015[13], conducted a study on the effect of
webbing type and volume fraction of Boehmeria Nivea fiber on impact and flexural strength.

Many research has been carried out on Boehmeria Nivea composites, but research on the
orientation of the webbing angles on Boehmeria Nivea fiber composites has never been done. So it
is necessary to do further research on the effect of the angle orientation of the Boehmeria Nivea
composite webbing on the tensile and flexural strength.

2. METHODOLOGY

The materials used in this research were 40% Boehmeria Nivea as fiber and resin
(Unsaturated Polyester Resin Yukalac C-108B) as a matrix. Boehmeria Nivea fiber is soaked in
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5% alkaline solution for 2 hours, this aims to clean the fiber from dirt, so that the resin can bind
perfectly to the fiber [13]. After drying, the fibers are made into ropes with a diameter of 2 mm
and then woven with angle orientations of 0°15°, 0°/30°, 0°/45° and 0°/90°. Figure 1 shows an
image of webbing angle orientations.

The process of making composites is carried out at the Mechanical Engineering Fabrication
Laboratory of the Sumatra Institute of Technology with the press molding method. The composite
mold is 20 x 25 x 5 mm, the composite is pressed for 24 hours with a pressure of 5 bar. Density,
tensile and flexural tests were conducted to determine the composite characteristics. The density
test refers to ASTM C271, the tensile test refers to ASTM D3039 and the flexural test refers to the
ISO 178 standard. This test was carried out at the Mechanical Engineering Materials Laboratory,
Sumatra Institute of Technology.

a b.
a. 0°15° b. 0°/30°
C. d.
c. 0°/45° d. 0°/90°

Figure 1. Webbing angle orientations

3. RESULT AND DISCUS

3.1 Composites

After the pressing process of the Boehmeria Nivea fiber woven composite with webbing angle
orientation 0°/15°, 0°/30°, 0°/45°, 0°/90° obtained four variations of composite boards as shown in
Figure 2. The orientation of the webbing angle means the amount of the webbing angle used with
respect to the X-axis of the composite. Figures 2a and 2b show that the composite is stretched due
to the uneven distribution of fibers[14]. Then in Figure 2.d shows the composite has a resin
shortage. Overall, the composite board still has a lot of voids in it. Void itself occurs because in the
pressing process there is air trapped in the composite[15]. In addition, this is due to the imperfect
spread of the resin in coating the fiber [16]. This void can affect the quality of the composite both
in terms of strength and density [17][18].
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a 015 b. 0°/30°

d. 0°90°
Figure 2. Composite boards

c. 0°45°

3.2 Density test

After visual observation of the Boehmeria Nivea composite, a density test was carried out.
The results of the density test are presented in graphical form in Figure 3. Figure 3 shows a graph
of the results of the composite density test. The graph changes the density value at each orientation
of the webbing angle. The difference in density values for each orientation of the webbing angle is
not too large. One of the factors causing this difference in density values is the voids that occur in
the composite. Void is an empty cavity containing air bubbles in the composite[16]. This void
occurs because during the resin manufacturing process it is difficult to spread and reach all parts of
the fiber[15]. The number of voids greatly affects the quality of the composite, the more voids
contained in the composite can cause a decrease in composite density and mechanical
strength[17][18].
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Figure 3. Graph of density test results
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3.3 Tensile test

The results of testing the tensile strength of the Boehmeria Nivea fiber woven composite at
various webbing angles are presented in the graph in Figure 4. Figure 4 shows a graph of the
results of the tensile strength of the Boehmeria Nivea woven fiber composite. The decrease in
tensile strength value from 0°/15° orientation to 0°/30° orientation is 0,65 MPa. Then from 0°/30°
orientation to 0°/45° orientation is 3,09 MPa. Then from 0°/45° orientation to 0°/90° orientation is
2,04 MPa. The decrease in tensile strength is in line with the magnitude of the orientation of the
webbing angle on the composite. This happens because the greater the orientation of the webbing
angle used, the shorter the fibers contained in the composite [4][19][20]. On the other hand, long
fibers have a crystal structure that is arranged along the fiber axis and is more perfect [21][22].

The angular orientation of the composite woven greatly influences the fracture of the tensile
test results. Figure 5 shows a picture of the tensile test fractures that occur in the Boehmeria Nivea
fiber-reinforced woven composite. The fracture that occurs in the composite is a debonding fault.
Where the matrix breaks first because it is unable to withstand the shear force so that the interface
bond between the fiber and the matrix is released[23][24]. The matrix was broken first due to the
inappropriate volume fraction ratio. Too much fiber volume fraction causes the matrix volume to
be small. With a small matrix, the matrix cannot bind and maintain the fiber position properly [25].

e B

Webbing angle orientation (°)

Figure 4. Graph of tensile test results

Figure 5 shows the direction of the fracture following the angular orientation of the woven
fibers. The fracture that occurs in the composite still looks bound but has lost its ability to
withstand the load in the direction of the tensile force. But at 0°/15° webbing orientation the
fractures in the composite are no longer bonded. This is because in the 0°/15° woven orientation
composite there is no fiber in the direction of loading. So that the tensile strength of the 0°/15°
webbing orientation is not maximal and causes the load to not be distributed vertically and evenly
on the fiber [26][27]. This causes the decrease in tensile strength from 0°/15° orientation to 0°/30°
orientation is very small.
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. 09/15° b. 0°/30° c. 0°/45°

B

d. 0°/90°

Figure 5. Tensile test fracture

In addition to volume fraction, composite fracture can also be caused by several factors. One
of the factors is the initial damage before testing as shown in Figure 6. Figure 6 shows the
composite fracture results. The red circle shows the voids in the tensile test fracture area. Void can
reduce the tensile strength of the composite because it cannot distribute the load received by the
composite to the fiber evenly[25][28]. Figures 6 b and ¢ have voids on the fault due to the large
size of the voids. In addition to being due to voids, the decrease in composite strength is also due
to the presence of fibers being pulled out of the matrix or called pull outs [2][27]. Pull out occurs
because the matrix and fiber do not bind perfectly. Dense woven fibers can cause the matrix to not
flow throughout the cavity. This causes an empty gap that is not filled with resin (voids) [15][29].
So that when a load is applied to the composite, the stress will move to the void area until a
fracture occurs [18].

" ¢. 09/45° d. 0°/90°

Figure 6. Tensile test fracture
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3.4 Flexural test

The results of testing the flexural strength of the Boehmeria Nivea fiber woven composite on
the variation of the webbing angle are presented in the graph in Figure 7. Figure 7 shows the
change in flexural strength affected by the angular orientation of the webbing. The smaller the
orientation of the webbing angle, the greater the value of the flexural strength [30][24]. This is
because the smaller the angular orientation of the webbing, the more fibers are arranged closer to
the x-axis. Where the fiber on the x-axis is the dominant fiber receiving flexural loads. Meanwhile,
the greater the orientation of the webbing angle, the more fibers are arranged closer to the y-axis.
While the y-axis fiber acts as a binder in the flexural test.

70.00
60.52

60.00
50.57
50.00 45.70

40.00
30.99

Flexural (MPa)

30.00

20.00

10.00

0.00
0°/15° 0°/30° 0°/45° 0°/90°
Webbing angle orientation (°)

Figure 7. Flexural test graph

The fracture in the flexural test can be seen in figure 8. The flexural strength in this test has a
strength value that increases with the number of fibers parallel to the x-axis, which is the dominant
axis to withstand flexural loads. In the 0°/15° variation there are voids and pull outs on the fault.
Then at variations of 0°/30° and 0°/90° there is a pull out on the fault. At the 0°/90° variation, the
specimen lacked fiber, resulting in a fracture in the fiber-deficient area. These factors cause the
results of the flexural strength that are less than the maximum in the test [31][32][33].

c. 0°45° d. 0°90°
Figure 8. Flexural test fracture
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4. CONCLUSIONS

Based on the calculations and analysis obtained from the results of this final project, it can be
concluded:

1. The angle orientation of the webbing affects the tensile and flexural strength. The
orientation of the angle closer to the tensile direction, the greater the tensile and flexural
strength. The highest tensile and flexural strengths (13,77 MPa and 60,52 MPa) were
produced by Boehmeria Nivea composite with woven angle orientation 0°/15°.

2. The highest tensile and flexural strength values are angle orientation 0°/15° with a tensile
strength value of 13,77 MPa and a flexural strength value of 60,52 MPa. Then the lowest
tensile and flexural strength values are angle orientation 0°/90° with a tensile strength value
of 7,99 MPa and a flexural strength value of 30,99 MPa.

Further research that can be planned to complement this research includes morphological
observations using a Scanning Electron Microscope or SEM. Through SEM observations, the
failure area during destructive testing can be enlarged and further analyzed.
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