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ABSTRACT

Nowadays, the natural fiber shown the greater performance in developing biodegradable
composite to fix and figure out ecological problem. The result from previous study shows
that, the usage of natural fiber has gained attention from industries in producing a new
composite material as a replacement to use of synthetic fiber such as carbon fiber, glass fiber
and carbon fiber. This is because as a reinforcement material due to their excellent in
mechanical properties, eco-friendly, and less expensive. Besides, that why the industries
looking deeply to it of this potential of fiber reinforcement composite especially form
industries in plastic production. Pineapple leaf fiber (PLF) is one of a natural fiber and is the
good to replace synthetic fiber. The usage of pineapple plants is limited only on its fruit. So
that, the research come out from the leaf that has been wasted with no used. In this study
pineapple leaf fiber (PLF) used as the reinforcement materials and starch (SH) used as a
matrix material. The composition of PLF/ SH is 50PLF/50SH, 60PLF/40SH, and
70PLF/30SH. The composition that being selected is 60PLF/40SH. Another than that, the
fiber has gone through an alkaline treatment to increase the strength and take out the
impurities that contained in PLF. Thus, after done the treatment with the several time. This
study is used different time of treatment to investigate the properties of PLF/SH composite.
Therefore, eight samples that had been treated with this an alkaline treatment with 2 hours
until 16 hours of treatment on PLF before it chopped finest and mixed with SH. Based on
the result, the samples with long treatment has highest result of flexural stress which is 3.372
(MPa). Lastly, from the result of SEM analysis shows the structure of PLF/SH is perfect
melt together and lowest among of void. This is because both of PLF/SH is mixed well and

become homogeneous during fabrication process.



ABSTRAK

Pada masa kini, serat semula jadi menunjukkan prestasi yang lebih besar dalam
membangun komposit biodegradasi untuk membetulkan dan memikirkan masalah ekologi.
Hasil daripada kajian terdahulu menunjukkan bahawa penggunaan serat semula jadi telah
mendapat perhatian dari industri dalam menghasilkan bahan komposit baru sebagai
pengganti penggunaan serat sintetik seperti serat karbon, gentian kaca dan serat karbon.
Ini kerana sebagai bahan pengukuhan dan kerana sifatnya yang sangat baik dalam sifat
mekanik, mesra alam, dan lebih murah. Di samping itu, industri-industri juga melihat
potensi komposit tetulang serat ini terutamanya industri dalam pengeluaran plastik. Serat
daun Nanas (PLF) adalah salah satu serat semula jadi dan sangat baik untuk menggantikan
serat sintetik. Penggunaan tumbuhan nanas hanya terhad kepada buahnya. Jadi,
penyelidikan itu keluar dari daun yang telah dibazirkan tanpa digunakan. Dalam kajian ini
serat daun nenas (PLF) yang digunakan sebagai bahan pengukuhan dan kanji (SH)
digunakan sebagai bahan matriks. Komposisi PLF / SH adalah 50PLF / 50SH, 60PLF /
40SH, dan 70PLF / 30SH. Komposisi yang dipilih ialah 60PLF / 40SH. Selain itu, serat
telah melalui rawatan alkali untuk meningkatkan kekuatan dan mengeluarkan kekotoran
yang terkandung dalam PLF. Oleh itu, selepas melakukan rawatan dengan beberapa kali.
Kajian ini menggunakan masa rawatan yang berbeza untuk menyiasat sifat komposit PLF /
SH. Oleh itu, lapan sampel yang telah dirawat dengan rawatan alkali iaitu dengan 2 jam
sehingga 16 jam rawatan pada PLF sebelum ia dicincang dengan baik dan dicampur
dengan SH. Berdasarkan hasilnya, sampel dengan rawatan panjang mempunyai hasil
tertinggi tekanan lentur iaitu 3.372 (MPa). Akhir sekali, dari hasil analisis SEM
menunjukkan struktur PLF / SH cair dengan sempurna antara satu sama lain. Ini kerana
kedua-dua PLF / SH bercampur dengan baik dan menjadi homogen semasa proses

fabrikasi.
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CHAPTER 1

INTRODUCTION

1.0  Background

A composite is a material from two or more material to produce a new material that
has a new or improved strength ability from its original individual components. Basically,
most of the materials that exist, or we see is made of a composite material. For examples,
bones, wood and stone are natural composite items that develop by a natural process. The
leaf itself consist of natural fiber and usually use in making a new composite material
because of their unique characteristics which have a good mechanical property, stronger,
lighter, biodegradable and less expensive compared to the synthetic fiber. Because of that,
natural fiber has potential to be an alternative to synthetic fiber such as glass fiber and carbon

fiber.

There are a few examples of natural fibers that can be extracted from a plant such as
pineapple leaf, banana leaf, palm leaf, hemp, kenaf, bamboo and coconut shell fiber.
Furthermore, all natural fiber, Pineapple leaf fiber (PLF) seems to have the highest cellulose
content which makes the fibers can produce good mechanical properties. In order to give the
unique ability for natural fiber, binder such as the starch composite are added to enhance the

existing mechanical properties or and other words called as a reinforcement of the materials.



Reinforcement mean is strengthening the structure or material itself. For example, back in
ancient Greek civilization years, clay was reinforced by the straw to build walls. In this case,
clay will become the binder holding the straw together thus, make the construction become

stronger.

As the previous studies that fiber reinforced plastic (FRP) is a very well-known
composite that being used in structure engineering, mostly in the field of aerospace, building
and offshore platforms. This is because, there are considered to have more strength, non-
corrosive, light in weight and most important is easily moulded or constructed. But the
materials or fibers are usually from the glass and carbon combining with the plastic polymer
as the binder. While in this study, PLF will be used as the reinforce materials and starch as
the binder which may potentially give a good result in mechanical properties, besides it
characteristic which is an environmentally friendly, renewable, recyclable and
biodegradable. Fibers can be altered by alkaline treatment. In general, alkaline treatment will
improves surface roughness and increases the number of celluloses on the surface of fibers.
Therefore, Pineapple leaf fibers are conducted with alkaline compound to improve their
physical and mechanical properties. In fact, it will exceed mechanical interlocking.
Furthermore, in previous studies have collected various trials elaborating with alkaline
treatment for natural fiber. Atigah et al. [4] evaluate the kenaf fiber with 6% sodium
hydroxide (NaOH) compound for 3 hours and showed excellent outcome for flexural, tensile
and impact strengths. Claudia Merlini et al. [5] experiment alkaline treatment on banana

short fibers with 10% NaOH solution for 1 hour.



1.1 Problem Statement

Nowadays, the usage of natural fibers as an alternative reinforce in composites
materials are still in research phase. Some of the problems arise is that synthetic is widely
use are hardly to decompose and are not sufficiently eco- friendly. Besides that, by using
natural fibers such as pineapple leaf, hemp, kenaf, and jute fibers with certain type of binder
to create a composite material seems can be compete with existing synthetic composites
which they have a good mechanical property. Just at a certain time, natural fibers have been
awakening the industry to substitute their products by using the natural composite. For
example, it has been widely used in the automotive industry. Thus, by using the natural fibers
they can produce higher strength of automotive interior components such as dashboard, door
trim, but cheaper in price. The achievement of natural fiber and fiber reinforce composites.
The chemical alteration of natural fiber such as alkaline treatment has acknowledged various
levels of success in improving fiber strength in nature fiber composite. An Alkaline
treatment of pineapple leaf fiber is commonly method that often used by some researches
produce a high-quality fiber for reinforcement materials. The alkaline treatments showed
improved behaviour in mechanical properties as compared to untreated fibers. Panyasart et.
al [6] attempt test on pineapple leaf fiber (PLF) with 5% NaOH compound and 5 hours
engagement period at room temperature. Previous studies by Asim et. al [2] on alkali
treatment for pineapple fiber exhibit reinforce in mechanical properties for fibers treated
with 6% NaOH. The alkaline treatments showed improved behaviour in mechanical

properties as compared to untreated fibers.

In this project, the aim is to study the effect of Short Pineapple Leaf Fibers Treatment
on the properties of pineapple leaf fiber (PLF). Starch composite was used as the reinforce
material. The various ratio of PLF/SH composite was be selected and the ratio of

composition in the PLF/SH composite was fixed at, 70:30, 60:40, 50:50. An alkaline



treatment will be conducted with various hours (2, 12, 24) to extract thin PLF bundles and
enhance the PLF properties before the formation process of PLF/SH composite used hot
press. The test that will be covered used tensile test, flexure test, hardness test, density
measurement and macrostructure analysis. The composite seems to have a good potential
that can widely use in industry like for an example for the plastic industries product more

benefit to the environment.

1.2  Objectives
The objective of this project is:
1. To determine the effect of Pineapple Leaf Fiber (PLF) treatment on the properties
PLF/ Starch (SH) composite.

2. To study the effect of PLF loading on the properties of PLF /SH composite.

1.3 Scope Of Project

This research studied the effect PLF loading on the mechanical properties of
PLF/ SH composite had been carrying out. The various ratio of PLF/ SH composite
was be selected and the ratio of composition in the PLF/ SH composite was fixed at
70:30, 60:40, and 50:50. An alkaline treatment will be conducted with various hours
(2, 12, and 24) to extract thin PLF bundles and enhance the PLF properties before
the information process of PLF/ SH composite used hot press. The mechanical
properties of PLF/ SH composite will be determined used tensile test, Flexure test,

hardness test, density measurement and macrostructure analysis.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Natural fibers composites have gained a reputation in renewal the synthetic fibers
such as glass fibers reinforced composites that commonly known to their non eco-friendly
to the natural system. There are examples of natural fibers can be from a numerous source

such as pineapple leaf, bamboo, banana leaf and kenaf [1].

Biodegradable fiber- reinforced polymer (FRP), is a composite material that produce
of a polymer matrix reinforced with fiber. There a lots usage or various of nature fiber. Many
industries are interested used in development for their product of natural fiber composites.
There are numerous types used to build up of natural fiber composite such as bamboo,
coconut, rice husk, wood and pineapple leaf. Biodegradable composite material or Bio
composite is a composite material shaped by a grid and support of common fiber.
Biocompatibility is linked to the action of biomaterial in various contexts. The capability of

a material to act with an appropriate host response in a precise position [29].



The polymer is a macromolecule that composed of many bounding materials.
Commonly, an epoxy and polyester thermosetting plastic are the normally favourite choice
to used. Biodegradable fiber- reinforced polymer (FRP) is often used in automotive,
aerospace, marine and construction industries. There are two type of fiber which is being

used for reinforced the composite materials.

I.  Synthetic fiber

ii.  Natural fiber

Generally, synthetic fiber are using to reinforce plastic due to superior performance
of mechanical properties and low cost of production but it very worth it. However, synthetic
fiber have big significant as high energy consumption, exposed to damage by hot washing,
non- renewability and high density. Furthermore, different side with fiber reinforced
polymer composite which is, it earned the world-wide attention due to high specific strength
and modulus. In addition, material composite that have great strength fiber such as glass and
graphite are commonly used in aerospace, automotive components are highly expensive cost
to produce. This condition or standpoint will lead the industry to use of the other option

materials composites.

Natural fiber has create a huge ability to replace for example glass fiber in composite
due to more economical characteristic and good mechanical properties compare to synthetic

fiber [30].

A composite material is a constituent material that made from two or more micro or
macro material with different chemical and physical properties. Natural fibers can help to
develop the mechanical properties of a product since it has profit to environment. In addition,
the comparison price between the natural fibers are more economical compared to synthetic

fiber such as glass fiber and carbon fiber that have been extensively used in the industries.



In this literature review, pineapple leave fiber starch (PLF/ SH) composite is used with the
various ratio was be selected fixed at 70:30, 60:40, and 50:50 and with an alkaline treatment

will be conducted with various hour (2, 12 and 24).

2.1.1 Types Of Composite
There are there types of composite depend on their matrix type. These are known by
their natural behaviour and the properties. These consist of Metal Matrix Composites

(MMC), Ceramic Matrix Composites (CMC) and Polymer Matrix Composites (PMC).

2.1.1.1 Metal Matrix Composites

Metal matrix composites are commonly used in the production of chamber
nozzle for aircraft applications, tubing, cables, heat exchangers, space shulttle,
automotive industries and structural members. This is due to the properties of the
metal matrices that have higher strength, fracture toughness and stiffness. Besides,
metal also have the qualities that can withstand high temperature in corrosive

environment compared to the polymer composites [12].

2.1.1.2 Polymer Matrix Composites (PMC)

Generally, the strength and stiffness of a polymer is low compared to the
metal and ceramic, but these complications had been overcome by reinforcing them
with other materials. However, the process for producing the composites much
simple and cheaper compared to other types of composites. This make the polymer

matrix composites gained it demand in the industries [12].



2.2

2.1.1.3 Ceramic Matrix Composites (CMC)

The primary goals in producing the ceramic matrix composites is to increase
strength or toughness of a materials. Normally it is found that there is a good outcome
in the improvement in strength and stiffness of a material by using ceramic matrix

composites [12].

Reinforcement

Reinforcement produce strength and rigidity, helping to support structural load [23].

Based on a journal, fiber-reinforced polymeric composites have gained so much acclaim

because of their great mechanical properties like high specific strength and modulus [20].

Nowadays, natural fiber is used as a good restoration of synthetic fibers as reinforcement in

plastic to reduce cost, increase the productivity of material and to improve mechanical

properties of a product. The famous examples of the natural fibers such as rice straw, wood,

bamboo, hemp and others [21].

2.2.1 Natural Fiber

Natural fiber-reinforced polymer composites have gained an excellent
reputation among the engineers and material scientists in these days because of the
ability of the composites to produce great mechanical properties, dielectric properties
and giving many advantages to the environment such as it is renewability and
biodegradability. Besides that, by using these natural fibers, many environmental
problems can be solved. These composites are also can be well used as a wood
replacement in the construction industry. Furthermore, natural fibers have raised an

attention due to various disadvantages of the conventional petroleum-based plastic,



glass or carbon fiber that not an eco-friendly, very expensive and must use high
progressing technologies. There numerous natural fibers that are used as
reinforcement of polymer composite such as the pineapple leaf, bamboo, jute,

banana, and coir [22].

There are few types of natural fibers, for example is the lignocellulosic fiber.
The fibers are held by binder agents called “lignin” and “hemicellulose” in the fiber
cell. The fiber also can be found on the outer layer of the fiber bundles and leaves.
The fiber cells are structured in different layers, formed typically by groups of Nano-
scale cellulose chains extending helically along the axis of the fiber cells and
interconnected by amorphous regions composed of lignin and hemicellulose [25]. On
the other hands, for vegetable fibers which are considering to be more complex
because they are construe by the wide variety of organic compound in the fiber such

as the lignin, hemicellulose, fatty acids, fats, waxes and many more [24].

Moreover, natural fiber as widely spread in many industries such as the
building industry. This is because of the characteristics of natural fiber that is good
in thermal insulation. The purpose why the natural fiber is used because of it is an
environmentally friendly, energy saving and giving a long term of favour to the
aspects of financial as it is low cost and does not requires skilled labour and not
harmful to the human health compared to commercial thermal buildings insulators

that mostly made from minerals wools, glass foam, and rock wools [26].

2.2.1.1 Pineapple Leaf fiber
Nowadays, natural fibers have got many intentions among the researchers as

it has high potentials in replacing the synthetic fibers in fiber-reinforced plastics. The



most reason of this replacement is because of natural plants fiber that used as
reinforcement to plastics are low in cost, can save much more energy during the
production, have lower density, no interference to the processing machines, and not
dangerous for the consumers (health). Thus, it is also easy to get, renewable, recycle
and biodegradable [27]. There are so many types of natural fibers that can be found,
pineapple leaf fiber (PLF) believed to have the highest cellulose contents which make

the fiber have an excellent mechanical property [18].

Figure 2.1: Pineapple Plant

Essentially, the pineapple leaf fiber is taken from the leaf of pineapple plant.
In addition, in Malaysia, pineapple is one of the plants that widely available in the
market. But the usage of the pineapple plant is not totally used as in Malaysia or other
countries, they focus is only on the fruits. However, the other part of the plant wasted
with no use [16]. But recently, in previous studies have found the benefits, superiority
and the potentials of the pineapple leaf fiber as it can help to reduce the pollutions
and save the environmental. This is because mostly of the wastage of the natural
resources will be burn [15]. In Malaysia, there are three types of pineapple cultivars
and each had shown various physical properties. Table 2.1 shows the three types of

pineapple cultivars and their physical properties [19].
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Table 2.1: The types of pineapple cultivars and physical properties [19]

Property Cultivar
Moris Josapine Sarawak
Gajah
Length of leaves (mm) 63 61 70
No. Of fiber bundles per 90 80 >100
leaf
Diameter 120- 440 105- 300 170- 340
Average no. of leaves (mm) 50 65- 70 65- 70
Width of leaves (mm) 61 46 65

In recent past, many researchers have seen the capability of the PLF and many
studies have been carried out to investigate many aspects of the PLF. For example,
an experiment has been conducted where to study the tensile properties of fibers from

the pineapple leaves, betel nut fruits and bark of lady fingers. It is surprisingly shown

that PLF have the highest tensile strength and the elongation at break. [14]

11




Moreover, the mechanical properties of the PLF is mostly be studied by using them
as a reinforcement material to a composite which is combined with certain types of binder
like polypropylene, polyethylene, polycarbonate and polyester. The composites usually were
evaluated by the fiber modifications, fiber length and fiber loading. However, the studies
showed the mechanical properties of a pineapple leaf fiber may not good as other composites
as it may vary but it must be remembered that there are different conditions that must be
considered such as the plant types, age, locations of the plants [12]. Figure 2.2 shows the

pineapple leaf fiber (PLF) and table 2.2 shows the properties of the pineapple leaf fiber.

Figure 2.2: The Pineapple Leaf Fiber (PLF)

12



Table 2.2: The Pineapple Leaf Fiber properties.

Property Value
George et al. [12] Mohanty et al. [18] Arib et al.
[20]
Moisture regain (%) 12.0 11.8 -
Microfribrillar angle - 14 -
)
Diameter (um) - 20- 80 -
Elongation at break 3.0 1.6 2.2
Young’ Modulus 6260 34.5-82.5 4.405
(GPa)
Tensile strength 170 413- 1627 126.60
(MPa)
Lignin content (%) - 5.0-12.7 -
Cellulose content (%) - 70- 82 -
Density (g/cm?) 1.526 - 1.07

2.2.2 Carbon Fiber

Carbon fiber is one of the build-up materials that have been widely used in
order to make a composite material. Although polymers are always used a binder for
the carbon fiber, non-polymer materials also can be used in order to act as a binder
or matrix for the carbon fiber [6]. Carbon fiber is also known with their very light in
weight and extremely strong material. Because of the fiber property that basically a
very thin strands of carbon, it can be twisted and be woven together. This will help
the carbon fiber act to be stronger than steel but lesser in weight [9]. Carbon fiber
can be known as a material that have high-performance in mechanical properties that
have so much functionality. Carbon fibers are also can be classified by the tensile

modulus of fiber. This can be measure by referring to a certain size of the fiber

13



diameter with how much tensile force that being exerted to the fiber without breaking
it. Thus, usually the diameter of carbon fiber is from 0.005 to 0.010 mm as it can be
thinner than the human hair. The masterpiece of the carbon fiber are the mechanical
properties which are consists of the very high tensile strength and elastic modulus,
good electrical and heat conductor. Furthermore, it can withstand to harsh
surroundings and have very light in weight make them a good material to produce
many types of component such as for automotive industry, aerospace industry [6].

Figure 2.3 below show the example of carbon fiber.

5

Figure 2.3: Carbon Fiber

2.2.3  Alkaline Treatment
Pineapple leaf fiber (PLF) is tough to extract due to the outstanding
mechanical properties. The fiber in PLF is covered with lignin, thus PLF is always
brittle compared with another natural fibers. Therefore, the extraction of the PLF
reinforcement of composites materials should be support by a devised process [1].
An Alkaline treatment has a lot of advantages. Some of the advantages of the alkaline

treatment is the moisture content in the fibers will be removed to increase the strength

14



2.3

of the PLF. After alkaline treatment has been done, PLF can be used as a filler, then
rolling mill machine is used to cleave the first longitudinal of the raw PLF. Moreover,
NaOH solution is used in this research. NaOH solution also had 1% degree of
concentration. The orientation of the molecular will be stable and all the impurities
which are adjoining the fiber material also will be clears filter after alkaline treatment

are done [2].

(b) (e)
Figure 2.4: PLF on alkaline treatment

From the Figure 2.4 above representing about (a) pineapple leaf, (b) extraction of
fibre from pineapple leaf, (c) pineapple leaf fiber subjected to an alkaline treatment,

(d) pineapple leaf fiber being dry after the treatment.

Binder/ Matrix

There are plenty types of polymer that can be used as a matrix to reinforce the fiber

to make a composite material. The main purpose of a matrix/ binder is to transfer load acting

to the fiber [4]. In this project, a natural polymer which is starch (SH) is used as the matrix

in reinforcing the pineapple leaf fiber (PLF).
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2.3.1 Starch (SH)

Starch is known as a biodegradable in a variety of environments and
considered as a very good stuff to develop sustainable materials. Starch is one of the
better natural polymers that can be found in a lot of sources mostly from corn, potato
and other crops. Starch is a renewable polymer and fully biodegradable and can be

obtained in very low in cost [11].

Besides that, the effect of the matrix on the properties of the reinforcement
and fabrication method will be affected the selection of the matrix. The starch-based
biodegradable polymers that have played a performance in medical field. Thus, with
the excellent mechanical properties, the products are non-toxic, and good
biocompatibility made this polymer can be used as bone plaster (cements) that
provide support and can also be used as bone tissue engineering scaffold [28, 8].

Figure 2.5 shows the example of starch.

N
- =F

Figure 2.5: Example of Starch
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2.4 Fiber Size

Based on previous study, the fiber size is used based on length of the fiber. The
pineapple leaf fiber is cut into pieces with a measurement are 2 cm, 4 cm, 6 cm [1]. But in
this study, the size of pineapple leaf fiber is fixed at several ratio at 70:30, 60:30, and 50:50
which chopped into small pieces which is 3 cm for each testing. We assume that, the smaller

size has better PLF properties compared to the long fiber orientation.

2.5  Fiber Treatment

Before the reinforcement materials state on pineapple leaf fiber is accomplished, the
fiber was gone through a surface treatment. A treatment that used to treat the fiber is an
alkaline treatment because it has a good chemistry and it is easy to conduct. Besides, the
other things to produce the PLF composites is used of chemical. As was | saying, the
chemical that used for this treatment is Sodium hydroxide (NaOH) in a form of pallets. Based
on the previous study, by conducting a surface treatment it influences the fiber matrix bond.
Such as strength, improved the mechanical properties, flexural properties and fiber surface
area. Moreover, each sample was treated with different absorption or combination of an
alkaline which is 3%, 5%, and 10%. The PLF absorbed on the NaOH concentration solution
for about 30 minutes. But in this study an alkaline treatment will be conducted with 4 hour
and with same absorption of the PLF immersed only on the 5%. Thus, with 4 hours’ time on
each treatment and will got the six result or treatment on the fixed PLF/ SH composites ratio.
After that, the fiber will be washed with distilled water. Figure 2.6 shows the sodium

hydroxide pallet.
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Figure 2.6: The sodium hydroxide pallet.

2.6 Fiber Testing

Based on a journal, before conducting a testing on a composite, the PLF and starch
are mixed together before been pressed by using hot press machine at a 60 °C of temperature
and under a pressure of 25 kg/cm?2 for about one hour. Before the sample is taken out from
the mould, the sample is let to be rest/ cool at a room temperature. Then go through several
mechanical tastings that are based on the American Standard Testing Method (ASTM) which
is the tensile test (ASTM D 3039/D 3039M-00), shore hardness test, density measurement
and microstructure analysis [1]. But on this study, tensile test will be replaced with another

mechanical testing which is the flexural test (ASTM D790-03).
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2.6.1 Tensile test

Tensile test is the test method use in order to identify the tensile properties
for polymer matrix composite materials. The tensile test operates basically referred
ASTM D3039 standard test. Based on the orientation of the materials test specimen

will have a certain fixed sizing and it normally in rectangular shapes.

This testing method is carried out in order to achieve the value of the ultimate
tensile strength, ultimate tensile strain, transition strain [ASTM D3039], tensile
chord modulus of elasticity and Poisson’s ratio. The specimen will monotonically
increase load in tension until the specimen ability reach it failure. The ultimate
strength can be received from the maximum load carried before it breaks, if the strain
gauge is applied in the specimen the value of strain can be determined. Figure 2.7
shows the Instron Universal Testing Machines that used in this experiment. The
requirements of the specimen shape, dimensions and tolerances have shown in Table

2.3 [7]. Table 2.3 show the Tensile Geometry Requirement [ASTM D3039].

Figure 2.7: The Instron Universal Testing Machines
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Table 2.3: Tensile Specimen Geometry Requirement [ASTM D3039]

Parameter

Requirement

Coupon Requirement:

Shape

Minimum length specimen width
Specimen thickness

Specimen thickness tolerance

Specimen flatness

Constant rectangular cross-section
Gripping +2 times width + gage length
As needed

+ 1% of width

As needed

* 4% of thickness

Flat with light finger pressure

Tab Requirements (if used):

Tab material

Fiber orientation (composite tabs)
Tab thickness

Tab thickness variation between tabs
Tab bevel angle

Tab step at bevel to specimen

As needed

As needed

As needed

+ 1%-tab thickness
5to 90°, inclusive

Feathered without damaging specimen
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2.6.2 Flexural test

The objectives of this test are to identify the material bending properties. In
this test, the flexure will be tested as a simple beam support at two points and being
loaded at the midpoint. This flexural test is based on the standard of ASTM D790-
03. The still conduct with the same rectangular shape of the test specimen. The
specimen will be clamped on a flexural testing machine with the cross section of
sample on two support that given the force on the middle part of the sample. Figure

2.8 shows the diagram of the flexural test machine.

P Movable anvil

: / Curved crosshead nose

<«—— Sample

| Lower anvil

‘ I *+— Screw 10 fix the lower anvil

A= SR

80 50 4030 2010 0 10 203 40 s060 |+ Cuide and scale

Figure 2.8: The diagram of the flexural test machine
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The maximum stress that exist on the midpoint can be calculated by using

this equation [ASTM D790-03].

Where:

o = stress in the outer fibers at midpoint, MPa

P = load at a given point on the load-deflection curve, N,
L = support span, mm,

b = width of beam tested, mm, and

d = depth of beam tested, mm

2.6.3 Hardness test

The hardness test of the PLF/SH composite, an Analogue Shore Scale “D”
type Durometer is used for measuring the depth of indentation by indenter of the
material based on the reading on the scale of the device. Figure 2.9 shows the shore

hardness tester.

Figure 2.9: The shore hardness tester Analogue Shore Scale “D” type Durometer.
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2.6.4 Density test

In this section, a Digital Electronic Densimeter (MD- 300S) as shown in
Figure 2.10 is using to measure the density and specific gravity of the PLF/SH will
be based on standard on the [ASTM D792]. Moreover, this standard can also be

used for testing solid plastic in water and for testing solid plastics in liquid other

than water [ASTM D792].

Figure 2.10: Digital Electronic Densimeter (MD- 300S)
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2.6.5 Macrostructure Analysis

Based on the previous study, the macrostructure analysis is done by using the
Environmental scanning electronic microscopy (ESEM) [2]. But in this experiment,
to performed macrostructure analysis using Scanning Electron Microscope (SEM) to

study the macrostructure composite. Figure 2.11 shows the Scanning Electron

Microscope.

JEUL D e Wi B

EEB_

Figure 2.11: The Scanning Electron Microscope (SEM).
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CHAPTER 3

METHODOLOGY

3.1  Experimental Overview

The target in this chapter is making and accomplish the objectives that going to
achieved. A several procedures must be taken in order to reach all the objectives stated and
make the project run smoothly and successful. Based on the flow chart below, the first step
that must be consider is to determine what types of materials that must be used or in other
words the selection of materials that want to be used. In this project, two major components
are selected and consist of the reinforcement material and the matrix/binder. Second steps
are preparation of all materials along with fiber and matrix/ binder or starch (SH) composite.
Next, the process continues to chopped and sieving process to form the materials into a
certain condition. From this aspect, to determine the particles size distribution of ta materials.
The process separated from more course particles materials through several different sizes.
After several suitable compositions are found, the process will proceed to the fabrication
process and a few samples will be made before cutting process is done. Then, testing will be
done to the several samples before collecting the data. The detail on this study will be

overview in this chapter and Figure 3.1 below shows the flow chart of the process.
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Figure 3.1: Flow chart of the PLF/ SH composite process.



3.2  Materials To Be Used

To figure out the concept in selecting the materials that will be used is very important
in this experiment since the material selection is a very significant process in any
Engineering application. As was | saying, this is because all the specification that want to be

achieved are based from materials selection and the type of materials that want to be tested.

For instead, since in this project we used the composite of the material selection, the
method that can be done for an example are on the composition of the selected materials to
form them into a composite material. Besides, on this project composite materials are using
combination of a natural fiber which is Pineapple Leaf Fiber and the starch composite. Hence

the selection of those two parts are very significantly to conduct in this project.

Basically, there are many natural fibers that ca be found such as pineapple leaf, kenaf,
banana leaf, and other. In this project, will be focusing on the type of the natural fiber
Pineapple Leaf Fiber (PLF) and the study will to understand principal of the selection natural
fiber. The project will approach to the mechanical properties of PLF/ST composite and will
determined used tensile test, flexure test, hardness test, density measurement and

microstructure analysis.

A matrix also must consider as it acting as a major role to transfer the load or force
acting on the fiber. This requires the selection of the matrix components should have a good
adhesive property as it will help the fiber to retain the composite material shape or properties

from their strong interface between the fiber and the matrix [1].
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3.3 Preparation of Materials

In this project, the various of selection natural fiber was being study and pineapple
leaf fiber was selected as the reinforcement materials and starch (SH) was used as the binder/
matrix. Pineapple leaf fiber have a good characteristic and it been chosen as it believed that
is one of the fibers have substance with highest cellulose which produce the fiber very good
in mechanical properties [3]. After that, materials preparation was being selected with a fixed
ratio of composition in the PLF/ SH (70:30, 60:30, 50:50). The mould that be used is
rectangular shape with dimension 140mm X 250mm. Then formulation process of PLF/ SH

composite used hot press.

3.4  Processing Method

In this part, the first method will be start extraction method, the pineapple leaf fiber
will be going through a several methods from the formation of the fiber which consist of the
chemical treatment of the PLF with alkaline treatment based on each sample behaviour
matrix/ binder preparation, the compression moulding and lastly testing process which is
classify or analyse the effect of pineapple leaf fiber loading on the properties of PLF/ SH

composite.

3.4.1 Appropriate Parameter

The next step has been taken to give appropriate parameter of hot
compression moulding process for starch powder. In order to obtain a good sample,
the first step must to know the melting point of the starch powder and then followed

by the pressure of compression moulding. By using 250mm X 140mm mould the

28



PLF and starch are put into the mould then being heated by using the hot press

machine.

Firstly, the sample have been on hot compressed with the temperature of 155
°C with pressure 100 psi for compression about 20 minutes and pre- heating time of
10 minutes. Secondly, the next trial is by increasing the range temperature is about
165 °C with the temperature is also increase by 300 psi. The third trial also same with
the second, by increase the temperature and pressure but with different value which

Is 175 °C and 500 psi.

Three same composition with different parameter will be test on this
experiment. Several trials have been conducted for an example the sample of this
parameter will be discuss more further in next chapter for the result of PLF/ SH.
Table 3.1 shows the parameters that have been used in order to find the best sample

by using 70/30 composition of PLF/ SH as the sample.

Table 3.1: The sample parameter of 70/ 30 PLF/ SH composite PLF/ SH

Sample Pressure | Temperature | Pre- Heat | Compress | Composition
(psi) (°C) Time Time PLF/ SH
(minutes) (minutes) (%)
1 100 155 10 20 70/ 30
2 300 165 20 30 70/ 30
3 500 175 30 60 70/ 30
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3.4.2 Fiber Preparation

3.4.2.1 Alkaline Treatment

The PLF will have treated with alkaline treatment with chemical assistant
which is by using sodium hydroxide (NaOH). Based on the previous study, the
natural fiber PLF was immersed into the alkaline solution with 5% of concentration
of (NaOH). The objective that should be done in this section is to removes al the
impurities on the PLF and on the same time it also will helps to improves the sticking
property among the fiber itself. This could be easier for cleaning process. Figure 3.2

and Figure 3.3 shows the sodium hydroxide (NaOH) and PLF before being operating.

Figure 3.2: The sodium hydroxide (NaOH)
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Figure 3.3: The PLF before being operating.

Based on the journal, by operation with alkaline the fiber also helps to
improve the mechanical properties [1]. In this current study, the PLF will be attempt
in alkaline solution for about several hours which is (2, 12, 24 hours). Then PLF
being neutralized by using distilled water. Besides, the process of washing is repeated
for several time to make sure all the impurity had been removed. Figure 3.4 shows

the PLF attempt with alkaline solution.

Figure 3.4: The PLF attempt with alkaline solution.
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Next, drying process which is the PLF will dry in the oven at 60°C for 4
hours. Later, the fiber will be cooling down at room temperature until it totally dry.
The excess cellulose fiber is removed manually, and it could be easy if the PLF is
completely dry and do not have any moisture on it. Figure 3.5 shows the PLF after

completely dry.

Figure 3.5: The PLF after treatment and be dry in room temperature.

3.4.3 Compression Moulding

Since the composition have been determined at the beginning of this project,
it will be fixed. Thus, knowing the dimension of the mould that being used is 250mm
X 140mm. Figure 3.7 shows the dimension of the mould used. PLF/ SH were mixed
together and heated before formation process. After that, PLF / SH with different size
or ratio will be put into mould. Then, it will be attempt on hot press machine.
Furthermore, 175°C with pressure 500 psi in this testing needed for this process in
hot press machine. However, it needed to preheat is about 30 minutes and the

compression time was 60 minutes. Figure 3.6 shows the hot press machine. Table 3.2
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shows the composition of the two element which are PLF and SH powder in the form

of percentage ratio before mixing.

Table 3.2: Composition of the PLF/ SH

Composition (%) | Total weight of the PLF (9) SH (g)
sample (g)
50 /50 80 40 40
60/ 40 80 48 32
70/ 30 80 56 24

Figure 3.6: The hot press machine
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140mm

Figure 3.7: The dimensions of mould

After the compression hot press done, the mould straight gone to the cooling
process for 30 minutes at the cooler machine before the sample take out from mould.

This process is repeated to all composition of PLF/ SH composites.

3.4.4 Cutting Process

After the fabrication process, the next process is cutting process which is in
this section the PLF/ SH composite sample will be cut into a specified dimension
based on the cutting machine tool ASTM D 3039/d 3039M-00 before going through
the mechanical testing. Figure 3.8 shows the Proxxon Table Saw being used to cut

all the samples.

Figure 3.8: The Proxxon Table Saw

34



3.5  Mechanical Testing

To establish the result of the effect of the pineapple leaf fiber and starch loading that
act as a particle, there are few testing methods that were used in this project. Remarkably of
the methods will be assign to the American Standard Testing Methods (ASTM) which is an
international standards organization that develops and publishes voluntary consensus
technical standards for a wide range of materials, products, systems, and services. Especially
ASTM D790-03 for Flexural Test and other mechanical testing that will be enforced are the

hardness test, density measurement and microstructure analysis.

3.5.1 Flexural Test

The flexural test method will measure the behaviour of a materials that has
been impose to a beam loading. In this flexural test, there are two types, which is the
3-point flex and 4- point flex [1]. From this study is based on the ASTM standard for
a flexural test. Figure 3.9 shows the example of a specimen that contact with the 3-

point flexural test.

RS R W W AR TN N RS

Figure 3.9: The example of a 3- point flexural test machine.
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Figure 3.10: The ASRM D790 model

3.5.2 Hardness Test

In this test, the hardness of the composite materials of PLF/ SH are tested.
Generally, hardness test is the method to implies or measure the resistance to the total
deformation of a materials [13]. The shore hardness tester is used to measure the
hardness test of the specimen. Figure 3.11 shows The Shoe Hardness tester devices.
The analogue shore scale is pressed into the sample and the reading is taken by
indicated the red scale on the Analogue Shore scale. The steps were repeated with

the other samples of different formation.
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Figure 3.11: The Analogue Shore Scale device

3.5.3 Density Measurement

In this section, the density was performed by using Electronic Densimeter (as
shown in figure 3.12). The objective in this study is to measure the specific gravity
or density of the materials which us the PLF/ SH composites [17]. The testers or PLF/
SH was put inside the container and the mass of the specimen is measured. Then, the
specimen was put inside water. Furthermore, the specific gravity and volume of the
specimen are automatically being measured. All the steps were repeated for each

sample and the data being collected.

37



Figure 3.12: The example of Electronic Densimeter MD-300S

3.5.4 Macrostructure Analysis

The purpose of macrostructure analysis is to investigate the behaviour of the
microstructure of the PLF/ SH composites. The examples of the macrostructure are
likely finding the defect, discontinuity of PLF and SH and voids of the materials. The
qualified tool to run the macrostructure analysis is been used which is the Scanning
Electron Microscopy (SEM). Figure 3.13 shows the specialised tool of the

macrostructure analysis.
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Figure 3.13: The Scanning Figure 3.14: The PLF fiber after coating

Electron Microscopy (SEM)

There are few steps must to taken to complete this method. Firstly, connected
the microscopy (SEM) to the to the computer/ laptop. Secondly, the specimen is put
under the lens of the microscope and running the analysis. Besides, it will see the
mechanical properties of the materials or specimen change or not change
significantly under this microscope after been done in previous treatment. Thus,
before it tests in SEM testing machine it must do a coating on the surface of fiber
reinforce polymer figure 3.14 shown the fiber after doing coating. This is because,
during the SEM test the fiber must be a conductive material. In addition, it also will
give the result and the pattern of the PLF/ SH composite which is it will be the prove
of the result during mechanical testing. Finally, the data of mechanical testing of
materials can be collected and analyse the different between the different ratio of the
PLF/ SH on the alkaline treatment and it will see the mixed of composite which is

the bonding of both materials.
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CHAPTER 4

RESULT AND DISCUSSION

In this chapter, shows all the experimental data and result for all mechanical testing
that have done. All four mechanical testing that have been done are Tensile Test by referring
(ASTM D 3039), Flexural Test (ASTM D 790-03), Scanning Electron Microscope (SEM),

Hardness Test (ASTMD 2240 D).

4.1  Tensile Test

Instron 8872 machine was used to complete this tensile test. The Standard test
method for tensile Properties of Polymer Matrix of Composite Materials (ASTM D 3039/ D
3039 M-0) has been related. The test was run, and the crosshead speed rate of the tensile test
was 2.2mm/ min constant speed. In this study all the result of the samples was taken, and the
data were collected. Below shows data of tensile test and two graph Tensile Stress o (MPa)

against Modulus Young (E) and Tensile Strain ¢ (mm/ mm) against Modulus young (E).
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4.1.1 Result

Table 4.1 show data of the Tensile Stress o (MPa), Modulus Young (E) and Tensile
Strain € (mm/ mm) for the composition 60%PLF and 40%SH with different time of
concentration of alkaline treatment on PLF 2 hours until 16 hours. According to the table 4.1
from the result, the lowest tensile stress is 0.3322 MPa at 2 hours period time of PLF

treatment. While, the highest value of tensile stress is 3.4740 MPa at 12 hours of PLF

treatment.
Table 4.1: Data of Tensile Test

PLF Treatment Tensile Stress o Modulus young (E) | Tensile Strain &

(hours) (MPa) (GPa) (mm/ mm)
2 0.3322 0.128 0.0026
4 0.3809 0.254 0.0015
6 0.7725 0.368 0.0021
8 1.3286 0.578 0.0023
10 21783 0.421 0.0028
12 3.474 2.316 0.0015
14 2.317 0.78 0.0035
16 2.7981 1.749 0.0016

41



Tensile Test
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Figure 4.1: Graph of Tensile Stress (MPa) vs Modulus Young (GPa) on different

concentration of PLF treatment (hours)
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Figure 4.2: Graph of Tensile Strain (mm/ mm) vs Modulus Young (GPa) on different
concentration of PLF treatment (hours)
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Figure 4.1 and figure 4.2 shows two graph of Tensile Stress (MPa) against Modulus
Young (GPa) and Tensile Strain (mm/ mm) versus Modulus Young (GPa). The result of data
shown in the graph, based on the graph obtained it shows that increasing the treatment on

the PLF will give the result obviously increase the graph pattern give more strength of PLF.

4.2  Flexural Test

The flexural testing is to be measure the comportment of the sample that has been
subjected to a simple support beam loading. By referring standard (ASTM D 790-03) testing
machine was used to perform the flexural test. The crosshead speed rate is different with
tensile test which is (2 mm/min) was constant and 3-point flex will be used. The samples
were used to be made up of the same composition of 60PLF/40SH with different
concentration treatment of PLF (hours). Eight samples that being test in this flexural test.
Figure 4.3 shows the sample of PLF after being tested and figure 4.4 shows the flexural

testing machine Instron 5585.

N
N
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Figure 4.3: PLF samples Figure 4.4: Flexural testing machine
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4.2.1 Result

The result come by from this test are the modulus elasticity, flexural stress and
flexural strain. Eight samples that has been test for the composition of 60PLF/40SH. Table
4.2 shows the data of PLF treatment. According to the data from table 4.2 the highest value
of the flexural stress id 4.294 (MPa) at 16 hours of PLF treatment. While, the lowest value

of flexural stress is 2.445 (MPa) at 2 hours PLF treatment.

Table 4.2: Data of Flexural test

PLF treatment Flexural stress o Modulus of (E) Flexural strain ¢
(hours) (MPa) elasticity (Gpa) (mm/ min)

2 2.445 0.19 0.0129

4 2.662 0.29 0.0091

6 2.761 0.54 0.00511

8 Belad 0.3 0.0109

10 3.247 0.49 0.0069

12 3.657 1.26 0.0029

14 3.871 0.31 0.0125

16 4.294 0.49 0.0069

Flexural test

4.294

3.657 3.871

3372 3247

2.761
2405 2662

flexural stress (MPa)

2 4 6 8 10 12 14 16
PLF Treatment (Hours)

Figure 4.5: Graph of flexural stress (MPa) against PLF treatment (hours)
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4.3  Hardness Test

In this section, the hardness test will be running for the eight tests of PLF samples
which is all the samples have different period that treated with alkaline treatment. In this
study, the 60PLF/40SH composition had been choose and to be investigate. Figure 4.5 and
4.6 shows The Shore hardness device is type D that be used to test the hardness of each

samples. By referring standard of ASTM D2240.

Figure 4.6: Shore hardness type D Figure 4.7: Hardness test at samples

4.3.1 Result

From the table 4.3 data of the hardness test on the eight test samples. Each sample
has been done 5 test point to get the average values. Based on table 4.3, the hardness test
result from eight different treatment (hours) being collected. It shows that the increment and
decrement value of the hardness data. The increasing and decreasing value pattern of the

data shown in graph (figure 4.7) below. The highest value of hardness test is 61.04 at 8 hours
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of PLF treatment. While the lowest values of hardness test are 45.3 at 14 hours PLF
treatment. Form this result it seen that the increasing values at shortest PLF treatment is
much better that longer treatment. The estimation from this study the particulate size of SH

will rise the hardness values of the samples of composite materials.

Table 4.3: Data of Hardness test

PLF Treatment (Hours)

Figure 4.8: Graph of Hardness against PLF treatment (hours)
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PLF Hardness (Shore -D)
Treatment Test 1 Test2 Test 3 Test 4 Test 5 Average
(Hours)
2 46 43 59 59.3 51 51.66
4 63 41 58 45 49 51.2
6 60 44 45 55 50 50.8
8 66.2 71 56 62 50 61.04
10 39.3 57.2 64 63 51.2 54.9
12 55 525 48.5 42 47 49
14 42 40 40.5 41 63 45.3
16 52.3 59 66 67 58 60.5
Hardness (shore-D)
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4.4 Scanning Electron Microscopy (Sem) Analysis.

In this part, Scanning Electron Microscopy (SEM) analysis will be carry out in order
to view the microstructure of the sample. Therefore, it can achieve the resolution better that
1 nanometer. The result shown are the arrangement and relations between the parts or
element of PLF and SH. Besides, it will know does it has porosity, crack or void on the

samples based on the composition and fiber treatments. Table 4.4 shows the SEM analysis.

Table 4.4: Result view under Scanning Electron Microscopy (SEM)

PLF Magnification
Treatment X) SEM view
(Hours)
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Based on the table 4.4 the behaviour of PLF and SH can be seen clearly as the SH
seem to be stockpile among the PLF with the composition of SH. Next, The SH spotted to
be well mixed with the PLF until it homogenous. This will make it easier to melt properly
during heat treatments. Furthermore, at the 2 hours treatment seem the void on the sample
which is this result can estimate that the sample do not homogenous during mixture. This

result will prove that lowest value on the mechanical testing is 2 hours PLF treatment.

4.5 DISCUSSION AND ANALYSIS
From all the four mechanical testing of the samples which has been perform, the

result will discuss in this section.

4.5.1 Effect of short pineapple leaf fiber treatment on the properties of pineapple

leaf fiber- starch composites on Tensile test.

Figure 4.8 and 4.9 shows the result of tensile stress ¢ (MPa), modulus young E
(GPa) and tensile strain & (mm /mm). From the two of tensile stress (o) against modulus
young (E) and tensile strain (&) against modulus young (E). The composition is 60PLF/40SH
with different time of treatment on the PLF. The highest value of tensile stress is 3.474 (MPa)
also the highest values of modulus young 2.316 (GPa) at 12 hours concentration of PLF
treatment. While the lowest value of tensile stress is 0.3322 (MPa) and the lowest values of
modulus young is 0.128 (GPa) at 2 hours concentration of PLF treatment. Next, the tensile
strain (mm/mm) over modulus young (GPa) the value is increase significantly form 4 hours
to 10 hours of PLF treatment. However, 12 hours and 16 hours are decrease but the modulus
young increase. From this result the reason for this distinct value because the different period

of PLF treatment that conduct will give different strength on the PLF.
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Moreover, 12 hours PLF concentration due to alkaline treatment is longer than 2
hours. Therefore, the PLF totally or longer thoroughly seep into the fiber. Besides, the
strength of the composites will be enhancing when the fiber treatment is comprehensive due
to longer period of time [1]. Furthermore, according to the graph PLF treatment at 14 hours
and 16 hours period of time, the decreasing value of tensile stress 2.7317 (MPa) and 2.7981
(MPa) because of the matrix. This result is quite stable value since the composition between
PLF and SH are balance. Hence, SH cannot hold the PLF firmly. In addition, the fiber length
has big significant on the properties of the composites. The longer the PLF, the higher tensile
stress (o) [31]. The longer the fiber length, the less ends. Similarly, it means, the fiber
performance as stress concentration points which cause failure consistently to occur. This
possibly cause the devaluation of tensile strength [32]. The high fiber to reciprocal action of

fiber, which is SH was not totally secured with PLF [1].

Tensile Test
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Figure 4.9: Graph of Tensile Stress (MPa) vs Modulus Young (GPa) on different

concentration of PLF treatment (hours)
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Figure 4.10: Graph of Tensile Strain (mm/ mm) vs Modulus Young (GPa) on different

concentration of PLF treatment (hours)

4.5.2 Effect of short pineapple leaf fiber treatment on the properties of pineapple
leaf fiber- starch composites on Flexural test.

The result flexural test of PLF treatment of the composite materials are shown in
figure 4.10. The result shows based on the same composition from 60PLF/40SH with
different period concentration time of PLF treatment. Besides, the outcome discovery finds
that the different time of PLF treatment will produce a different significant result. Form the
previous study, they find that the different size of particulate matrix will show the higher the

fiber content in composite materials, the toughest fiber in mechanical properties [2].

Figure 4.10 shows the result testing for eight samples of PLF composite materials.
The orientation from this test was found that the flexural stresses are constantly increase as
the PLF treatment hours also increased. The composition PLF/ SH of 60PLF/40SH with 2

hours PLF treatment, the value is 2.445 (MPa). Thus, the result increase from 2.445 (MPa)
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at 4 hours PLF treatment. With the result that, the flexural stress also increases every 2 hours.
However, in this study it limits to 16 hours of PLF treatment. The highest result of flexural
stress is 4.294 (MPa). In fact, the result on that data shows the longer the PLF treated will

constantly increase the value of mechanical properties.

Flexural test

4.294

3.657 3.871

3372 3247

2.761
2.445 2,062

flexural stress (MPa)

2 4 6 8 10 T2 14 16
PLF Treatment (Hours)

Figure 4.11: Graph of flexural stress (MPa) against PLF treatment (hours)

Furthermore, the study respecting of the composition of the fiber and matrix. In this
analysis also focus point about the different size of the matrix in composite materials even
if it will give a remarkable result on the mechanical properties or not. Figure 4.11 graph of
flexural stress (MPa) against the PLF treatment (hours), surely, it shows that the longer hours
penetration of PLF on alkaline treatment will give result the higher value in or strength in
mechanical properties of composite materials. Besides, this due to the ability of the fiber
react with alkaline and absorbability very excellence until it sips to fiber completely. For
instance, when it reacts and melted with heat transfer as it being pressed make it grip and

attachment to the fiber securely and strong. This can be seen on the Scanning Electron
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Microscope (SEM) of the sample PLF/ SH as shown in figure 4.12 below. Thus, it makes
the mechanical properties went stronger, but it might have some discontinuities during

process. It shows standard error bar in the graph.

Figure 4.12: The SEM result on PLF/SH composite.

Another than that, based on the previous research, finding resources from Siregar
(n.d) stated that the longer size of the fiber penetrated with alkaline and the longer period of
time it will increase the tensile properties. This due to larger fiber size that dominance to
more even diffusion in matrix. Thus, some samples are not tally with the result which is
higher the treatment period of time cause the PLF more comprehensive through the fiber.
The result must give the high flexural stress. However, it might not show it. This is because
during fabrication process they maybe not perfectly bounded well together [1]. So that, the
result of flexural stress value decrease in 10 hours PLF treatment compare to 8 hours
concentration on alkaline treatment. Hence, the failure to get on the mark parameter to make
perfect samples. For this reason, the accurate parameter cannot be determining in a short

time and more study on the PLF treatment.
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4.5.3 Effect of short pineapple leaf fiber treatment on the properties of pineapple
leaf fiber- starch composites on Hardness test.

Based on figure 4.12, the graph shows the result of hardness (Shore-D) the result of
with the various of concentration of PLF treatment respectively. With the result that, from
the graph shows that the hardness of the samples increases with enlargement of the
concentration time of fiber due to an alkaline treatment for all samples. Five point that had

been repeated and the average had been selected to get more accurate result.

As a result, figure 4.12 shows graph hardness against PLF treatment (hours). By
referring to graph, the highest result is 61.04 at 8 hours concentration time of alkaline
treatment on PLF. While, the lowest hardness reading which is at concentration time
treatment on PLF at 14 hours is 45.3. The result shows the unexpected trend which have
increment and decrement at graph result. Thus, for the sample at fiber treatment 12 hours
shown at graph is lower than 10 hours treatment. On this situation shows that on the 10 hours
reading of the graph is more hardness compare to 12 hours treatment. While it may be true,
the fiber and starch at 10 hours treatment is perfectly wrapped and cause the samples more

homogeneous and perfectly bonded together during heat treatment (hot press).

Hardness (shore-D)
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2 4 6 8 10 12 14 16
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Figure 4.13: Graph of Hardness against PLF treatment (hours)
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Form the previous finding, hardness of the composites is affected the fiber content which is
PLF treatment is increasing corresponding to the hardness. Moreover, the error bars showed
on the graph which is when fiber is more concentration with an alkaline for more longer time
it will more hardness samples can be produce. Conversely, the decrement data of the result
may cause due to unsmooth surface on the matrix. That why, repeated test for a several times
Is needed to get a good result. In research by Salamat and Mashiach (2015) PLF and SH are
used for the composite. The result shows, the highest of PLF content will certainly extent

increase the result of hardness test.

4.5.4 Effect of short pineapple leaf fiber treatment on the properties of pineapple
leaf fiber- starch composites on SEM analysis.

The result shown at table 4 .5 that the shortest PLF treatment which is 2 hours will
have more void compare to longer PLF treatment. Next, from this result it can seem the great
adhesion joint between fiber and matrix is at 12 hours of PLF treatment. This result of SEM,
it can conclude that the strong the bonding to each other and homogeneous texture will be
affecting the mechanical properties. Therefore, the longer the treatment will give more
longer NaOH solution and alkaline can penetrated at the fiber. The fiber can easily to merge
together with SH. In short, the void in samples it can cause the incomplete wettability in

dispersion through the starch and PLF matrix [33].
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Table 4.5: Result view under Scanning Electron Microscopy (SEM)

PLF Magnification
Treatment X) SEM view
(Hours)

2 x100

X F.
RY = o e Ay

SEl 20kV WD15mm SS59 x100 100pm ==

4 x50

SEI 10kV. WD10mm SS57

58




x1000

SSRGE ;
x1,000 10uym  —

x100
o8 b 7 (G
%L‘\"\ ,’f;/ £ “‘M[ -
x100 100pum
x50

59




10 x1000
12 x100
14 50

|
SEl 10kV  WD10mm SS57

SElI 10kV WD10mm SS57

60

x1,000




14 x1000

4 _ gyt

SElI 10kV  WD10mm SS57 x1,000

= PLF separated at certain spot

= PLF/SH mixed well

-

With the result that on SEM it seems that the homogeneous texture of combination
PLF/SH provided much improved surface compare to the non-smooth texture of PLF/SH.
The samples that produced good combination is at 14 hours treatment shows good
homogenous bonding between PLF/SH. Table 4.5 above shown 14 hours treatment at x 50
x1000 magpnification result. This is because no voids founded on that sample. Therefore, for
this reason it shows that the finest both of PLF/SH the easier to be mix and when it processes
in hot press it will be melt perfectly. Hence, making an excellent bonding between fiber and

matrix materials.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51  Conclusion

This project is essentially to study and focus on how producing a Bio-degradable of
composite materials which is from combination of pineapple leaf fiber and natural polymer
(starch). This innovation and idea from green composite materials is very suitable to be used
in plastic industries. Int his study pineapple leaf fiber is used as the reinforce materials while
starch is used as a matrix. The key objective of this research is to determine the effect
pineapple leaf fiber (PLF) treatment on the properties of starch (SH) composite and to study

the effect of PLF loading on the properties of PLF/SH composites.

The expected result from this finding is the longer PLF treated in alkaline treatment
and NaOH solution may have a greater value in mechanical properties. For this reason, the
PLF after treated may find that it become more finest and homogeneous compare PLF not
being treated. So that, from this result that achieve from this study is the finest of composition
PLF/SH may have a greater stronger bonding to each other. From this, it can come out with

a greater strength in mechanical properties.
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Lastly, for the conclusion that can make the longer PLF treated and the finest the
particulate matrix will give a superior ability of the fiber. Besides, during fabrication process
the finest and homogeneous mixture will give a perfect bonding. Thus, this finding will give

an information and good potential producing high performance of composite materials.

5.2 Recommendation

For further research in this study, there are a few recommendations important that
should be highlighted to be improve that result of mechanical properties of PLF/SH.

Recommendation need to consider in this study:

I.  Sample Preparation

Pineapple leaf fiber must be a very fine texture to mix well with matrix such as SH.
The preparation of PLF from it fiber process until it become powder form. Therefore,
it can mixture very well with SH. Hence during the fabrication process the sample
that produce is melt together. Moreover, to obtain the PLF fiber is very dry before it
processes become powder. Further study tries to overcome with vacuum over to
make sure the PLF is really dry before cutting process [31]. For this purpose, it will

make bonding with this two material become stronger.
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Fiber Size

Achieving a good fiber orientation to determine fiber size such as particulate form of
fiber will affect the mechanical properties. The distribution of particles in the
composite matrix is random. Therefore, strength and other properties of the
composite material are usually isotropic. If this can be achieved, the strengthening

mechanism depends on particle size.

Fiber Length

For further study, it is recommended to increase the strength of composite materials.
Besides, effect of the strength of composite materials. Besides, effect of length of
fiber reinforced is important. So, as fibers get longer and thinner, the overall
properties of the composite are improved. Hence, the stress along a fiber will see
when the maximum fiber load is achieved at the centre of fiber length. Another than
that, the maximum fiber load is carried by most of the fiber. These are considered to

be continuous fibers.

Composition of The Composite Materials

Pineapple leaf fiber treatment on properties of SH composition 60PLF/40SH was
choose on this research. For the further study, try to change the composition of PLF
conversely. This can be giving a different result that can be investigate. Besides, try
to change the percentage of PLF and SH. For example, 60SH/ 40PLF, 70SH/ 30 PLF.
Which is SH being the more percentage that PLF. By referring this composition, it

might give good composite materials can be produced.
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Testing Method

Mechanical testing had been done to determine the effect of PLF result for this study.
In addition, to improve this research, result adding more testing such as water
absorption test, impact tested and degradation analysis in future study. For this
purpose, other effect mechanical properties testing can be study to improve the
research of PLF/ SH composite materials. The investigation effect of PLF with this

test method will know the behaviour strength of this PLF/ SH composites.
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Tensile Test for PLF

2 Hour PLF Treatment

1
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Tensile strain
Maximum Load ";::I‘:;::’f;az‘ (Extension) at Maximum
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4 Hour PLF Treatment

Tensile stress [MPa]
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Tensile Test for 2, 4, 6 hours PLF treatment
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Tensile stress [MPa]

Tensile stress [MPa]

8 Hour PLF Treatment
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Tensile stress [MPa]

14 Hour PLF Treatment

Tensile stress [MPa]
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D 3171 Test Methods for Constituent Content of Compos-
ites Materials®

D 3878 Temminology for Composite Materials*

D 5229/D 5229M  Test Method for Moisture Absorption

'This test method is under the jurisidiction of ASTM Commitize D30 on
Composite Material: and is the direct responsibility of Subcommittee D30.04 on
Lamina and Laminate Test Methods.

Cument edition approved Aprl 10, 2000. Publizhed Tuly 2000. Oziginally
published as [ 3039 - 71T. Last previous editien D 3039 - 952

* dnnual Book of ASTM Stmdards, Vel 08.01.

* dnnual Book of ASTM Stmdards, Vel 08.02.

* dnnual Book of ASTM Sumdards, Vol 15.03.

Properties and Equilibrinm Conditioning of Polymer Ma-
trix Composite Materials*
E 4 Practices for Force Verification of Testing Machines®
E 6 Termunology Relating to Methods of Mechanical Test-

ng

E 33 Practice for Vertfication and Classification of Exten-
someters’

E 111 Test Method for Young's Modulus, Tangent Modulus,
and Chord Modutus?

E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process®

E 132 Test Method for Poisson’s Ratio at Room Tempera-
ture?

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods®

E251 Test Methods for Performance Characteristics of
Metallic Bonded Resistance Strain Gages’

E 456 Temninology Relating to Quality and Statistics®

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method®

E 1012 Practice for Vertfication of Specimen Alignment
Under Tensile Loading®

E1237 Guide for Installing Bonded Resistance Strain
Gages’

Tk

Terminology

3.1 Definitions—Terminology D 3878 defines terms relating
to hish-modulus fibers and their composites. Terminology
D823 defines terms relating to plastics. Termunology E6
defines terms relating to mechanical testing Terminology
E 456 and Practice E 177 define terms relating to statistics. In
the event of a conflict befween terms. Terminology D 3878
shall have precedence over the other standards.

3.2 Definitions of Terms Specific to This Standard:

NOTE—If the term represents a physical quantify, its
analytical dimensions are stated immediately following the
term (or lefter symbol) in fundamental dimension form. nsing
the following ASTM standard symbology for fundamental

* Annual Book of ASTM Standards, Vol 03.01.
* Annual Book gf ASTM Stamdards, Vol 14.02.

Copynight & ASTM Intemational, 100 Ba Harbor Drive, PO Box C700, West Conshohocken, PA 15425-2355, United Siates.

69



4]y D 3039/ 3039M - 00"

dimensions. shown within square brackets: [M] for mass, [I]
for length, [T] for time, [@] for thermodynamic temperature,
and [nd] for nondumensional quantities. Use of these symbols
15 restnicted to analytical dimensions when uwsed with square
brackets, as the symbels may have other definitions when used
without the brackets.

3.2.1 nominal value, n—a value, existing in name only,
assigned to a measurable property for the purpose of conve-
mient designation. Tolerances may be applied to a nonunal
value to define an acceptable range for the property.

3.22 transifion region, n—a stram region of a stress-strain
or strain-strain cwve over which a significant change in the
slope of the curve occurs within a small strain range.

3.2.3 transition strain, €™ [nd], n—the strain value at
the mud range of the fransition region between the two
essentially linear portions of a bilinear siress-straimn or stramn-
strain curve.

3.23.1 Discussion—Many filamentary composite materials
show essentially bilinear behavior during loading, such as seen
in plots of either longimdinal stress versns longitndinal strain
of transverse strain versus long longituding] strain There are
varying physical reasons for the existence of a transition
region Common examples include: matrix cracking under
tensile loading and ply delaminaticn.

3.3 Symbols:

331 A—mininmm eross-sectional area of a coupon

332 B, —percent bending for a uniaxial coupon of rectan-
gular cross section about y axis of the specimen (about the
narrow direction).

3.33 B,—percent bending for a uniaxial coupon of rectan-
gular cross section about z axis of the specimen (about the wide
direction).

334 Cl~—oeficient of vanation statistic of a sample
population for a given property (in percent).

333 E—moduolus of elasticity in the test direction

3.3.6 F*—ultimate tensile strength in the test direction.

337 F*—ulumate shear strengih in the fest direction.

3.3.8 h—coupon thickness.

339 L —extensometer gage length.

3310 L,,m,—num.lml.m requared. bonded tab length.

3.3.11 n—aumber of cowpons per sample population.

3.3.12 P—load camed by test coupon.

3.3.13 Poad carried by test coupon at failure,

3.3.14 P™*—maxinmm load camied by test coupon before
failure.

3.3.15 5, ,—standard deviation statistic of a sample popu-
lation for a given property.

3.3.16 w—counpon width.

3317 x—test result for an individual coupon from the
sample populah.en for a given property.

3.3.18 x—mean or average (estimate of mean) of a sample
population for a given property.

3.3.19 G—extensional displacement.

3.320 e—general symbol for stramn, whether normal strain
or shear stran.

3.3.21 e—indicated normal straimn from strain transdncer or
extensometer.

3322 s—normal stress.
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33.23 +—Poisson’s ratio.

4. Summary of Test Method

4.1 Athin flat strip of material having a constant rectangular
cross section is mounted in the grips of a mechanical testing
machine and monotonically loaded in tension while recording
load. The ultimate strength of the material can be determined
from the maximmm load carried before failure. If the coupon
strain is monitored with strain or displacement transducers then
the stress-strain response of the material can be determuned,
from which the uvltimate tensile strain tensile modulus of
elasticity, Poisson’s ratio, and transition strain can be dermved.
%. Significance and Use

5.1 This test method is designed to produce tensile property
data for matenal spectfications, research and development.
quality asswance, and structural design and analysis. Factors
that infivence the tensile response and should therefore be
reported include the following: material, methods of material
preparation and lay-up, specimen stacking sequence, specimen
preparation. specimen conditioning, environment of testing,
specimen alignment and grpping. speed of testing, fume at
temperature, void content, and volume percent reinforcement.
Properties, in the test direction, which may be obtained from
this test method inciude the following:

5.1.1 Ultimate tensile strength.

5.1.2 Ulimate tensile stran_

5.1.3 Tensile chord modulus of elasticity.

5.1.4 Poisson’s ratio, and

5.1.5 Transition strain

6. Interferences

6.1 Material and Specimen Preparation—Poor material
fabrication practices, lack of control of fiber alizgnment, and
damage induced by improper coupen machining are kmown
causes of high matenial data scatter in composites.

6.2 Gripping—A high percentage of gnp-mduced failures,
especially when combined with high material data scatter, is an
indicator of specimen gripping problems. Specimen gripping
methods are discnssed further in 7.2.4, 8.2, and 11.5.

6.3 System Alignment—Excessive bending will canse pre-
mature falure, as well as nghly maccurate modulus of
elasticity determination. Every effort should be made to elimi-
nate excess bending from the test system Bending may occur
as a result of misaligned grips or from specimens themselves if
improperly installed in the grips or out-of-tolerance caused by
poor specimen preparation. If there 1z any doubt as fo the
alignment inherent in a given test machine, then the alignment
should be checked as discussed in 7.2.5.

6.4 Edge Effects in Angle Ply Laminates—Premature failure
and lower stiffnesses are cbserved as a result of edge softening
m laminates contaming off-axis ples. Becanse of this, the
strength and modulus for angle ply laminates can be drastically
underestimated. For quasi-isotropic laminates containing sig-
nificant 0° plies, the effect is not as significant.

7. Apparatus

7.1 Micromefers—A micrometer with a 4- to 5-mm [0.16-
to 0.20-in] nominal dismeter double-ball interface shall be
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used to measure the thickness of the specimen. A micrometer
with a flat anvil interface shall be used to measure the width of
the specimen The accuracy of the instruments shall be suitable
for reading to wifhun 1 %6 of the sample width and thickness.
For typical specimen geometries, an instrument with an accu-
racy of =25 pm [=0.0001 in] is adequate for thickness
measurement, while an instrement with an accwracy of =23
pm [+0.001 in] is adequate for width measurement.

7.2 Testing Machine—The testing machine shall be in
conformance with Practices E 4 and shall satisfy the following
requirements:

7.2.1 Testing Machine Heads—The testing machine shall
have both an essentially stationary head and a movable head.

7.2.2 Dvive Mechanism—The testing machine drive mecha-
nism shall be capable of imparting to the movable head a
controlled wvelocity with respect to the stationary head. The
velocity of the movable head shall be capable of being
regulated as specified mn 11.3.

1.2.3 Load Indicator—The testing machine load-sensing
device shall be capable of indicating the total load being
carried by the test specimen. This dewvice shall be essentially
free from inertia lag at the specified rate of testing and shall
indicate the load with an accuracy over the load range(s) of
interest of within =1 % of the mdicated value. The load
range(s) of interest may be fawly low for modulus evalnation,
mmuch higher for strength evaluation, or both, as required.

More 1—Obtzining precision load data over a large ranze of interest in
the same test, such as when both elastic modulus and ultimate load are
being determuned, place exireme requurements on the load cell and itz
cahbrabion. For some equpment, a special calibration may be requred.
For some combinahons of matenal and load cell, simualtaneons preeision
measurement of both elastic modulns and ultimate strength may not be
possible and measwrement of modulus and strenzth may have to be
performed in separate tests using a different load cell range for each test.

7.2.4 Grips—Each head of the testing machine shall carry
one grip for holding the test specimen so that the direction of
load applied to the specimen is coincident with the lengimdinal
axis of the spectmen The grips shall apply sufficient lateral
pressure to prevent slippage between the grp face and the
coupon. If tabs are wsed the gnips shenld be long enough that
they overhang the beveled portion of the tab by approximately
10t 15 oum [0.5 in]. It is highly desirable to use grips that are
rotationally self-aligning to minimize bending stresses m the
COUPOL.

Nore 2—Gnp swiaces that are hghtly semated, approximately 1
sarration'mm [25 semrations/in ], have been found satisfactory for use m
wedge-achon gnps when kept clean and sharp; coarse semahons may
produce grip-induced falures m untabbed coupons. Smooth gnpping
swfaces have been used successfully with either hydraubic zips or an
emery cloth inferface, or both.

7.2.5 System Alignment—Poor system alignment can be a
major contributor to premature fatlure, to elastic property data
scatter, or both. Practice E 1012 describes bending evaluation
guidelines and describes potential sources of misalignment
during tensile testing. In addition to Practice E 1012, the
degree of bending in a tensile system can also be evalnated
using the following related procedure. Specimen bending 1s
considered separately in 11.6.1.
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7.2.5.1 A rectangular alignment coupon, preferably similar
in size and stiffness to the test specimen of interest, is
instrumented with a mininmm of three longitudinal strain
gages of sinular type, two on the fromt face across the width
and one on the back face of the specimen as shown in Fig. 1.
Any difference in indicated strain between these gages during
loading provides a measure of the amount of bending in the
thickness plane (B,) and width plane (B,) of the coupon The
stramn gage location should normally be located m the nuddle
of the coupon gage section (if modulus determination is a
concern), near a gnp (if premature grip faitures are a problem),
or any combination of these areas.

7.2.5.2 When evaluating system alignment, it is advisable to
perform the alignment check with the same coupen inserted in
each of the four possible installation permutations (deseribed
relative to the imitial position): initial (top-front facmg ob-
server), rotated back to front only (top back facing observer),
rotated end for end only (bottom front facing observer), and
rotated both front to back and end to end (bottom back facing
observer). These four data sets provide an ndication of
whether the bending is due to the system itself or to tolerance
in the alipnment check coupon or gaging.

7.2.53 The zero strain point may be taken either before
grippmng or after grippmg. The strain response of the alhgnment
coupon is subsequently monitored during the gripping process,
the tensile loading process, or both. Eq 1-3 use these indicated
strains to calculate the ratio of the percentaze of bending strain
to average extensional strain for each bending plane of the
alignment coupon and the total percent bending, B, .. Plothng
percent bending versws muial average stramn 15 usefol in
understanding trends in the bending behavior of the system.

7254 Problems with failures during gripping would be
1eason to examine bending strains during the gripping process
in the location near the prip. Concem over modulus data scatter
would be reason to evaluate bending strains over the modulns
evaluation load range for the typical transducer location
Excessive failures near the grips would be reason to evaluate
bending strains near the grip at high loading levels. While the
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FIG.1 Gage Locations for System Alignment Check Coupon
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maximum advisable amount of system misaligﬂmmt is mate-
rial and location dependent, good testing practice is generally
able to limit percent bending to a range of 3 to 5 % at moderate
strain levels (1000 pe). A system showing excessive bending
for the given application should be readjusted or modified.

B = Ewe " &

¥ E
e

100 1)

45 (e, — &)

B.= 100 @)

Em

B, = percent bending about system y axis
' (about the narrow plane), as calculated by
Eq 1, %;

B = percent bending about system z axis
(about the wide plane), as calculated by
Eq 2. %

= indicated longitudinal strains displayed
by Gages 1, 2. and 3, respectively, of Fig.
1, pe; and

Eav = GEI Hlea)2 + e,

The total bending component 1s:

B = 1B, + B (3

1.3 Strain-Indicating Device—Load-stramn data, if required.
shall be determined by means of either a strain transducer oran
extensometer. Attachment of the strain-indicating device to the
coupon shall not cause damage to the specimen surface. If
Poissen’s ratio 15 to be determuned, the specimen shall be
mstrumented to measure strain in both longitudinal and lateral
directions. If the modulus of elasticity is to be determuned, the
lengitudinal strain should be sinmitaneously measured on
opposite faces of the specimen to allow for a correction as a
result of any bending of the specimen (see 11.6 for further
guidance).

7.3.1 Bonded Resistance Sfraim Gage Selection—Strain
gage selection is a compromise based on the type of material.
An active gage length of 6 mm [0.25 in | i3 recommended for
meost matenials. Active gage lengths should not be less than 3
mm [0.125 in].” Gage calibration certification shall comply
with Test Methods E 251. When testing woven fabric lanu-
nates, gage selection should consider the use of an active gage
length that is at least as great as the characteristic repeating unit
of the weave. Some guidelines on the use of strain gages on
composites follow. A general reference on the subject is Tutile
and Brinson

7.3.1.1 Surface preparation of fiber-remnforced composites
in accordance with Practice E 1237 can penetrate the matrix
material and cause damage to the reinforcing fibers resulting in
umproper coupon failures. Reinforcing fibers should not be
exposed or damaged dunng the surface preparation process.

£, €, and g

7 A typical zage would have a 0.25-in. active gage length, 350-I} resistance, a
sirain mating of 3% or better, and the appropriate environmental resistance and
thermal coefirient

* Tuttle, M. E. and Brinson, H. F., “Resistance-Foil Stmin-Gage Techoology as
Applied to Composite Materials,™ Experimental Mechamics, Vol 24, No. 1, March
1924; pp. 54-63; ermata poted in Vol 26, No. 2, Tune 1986, pp. 153-134.
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The stramn gage mamufacturer should be consulted regarding
surface preparation guidelines and recommended bonding
agents for composites pending the development of a set of
standard practices for strain gage installation surface prepara-
tion of fiber-reinforced composite materials.

73.1.2 Consideration should be given to the selection of
gages having larger resistances to reduce heating effects on
low-conductivity materials. Resistances of 330 () or higher are
preferred. Additional consideration should be given to the use
of the mininmm possible gage excitation veltage consistent
with the desired acenracy (1 to 2 V is recommended) to reduce
further the power consumed by the gage. Heating of the
coupon by the gage may affect the performance of the material
directly, or it may affect the indicated strain as a result of a
difference between the gage temperature compensation factor
and the coefficient of thermal expansion of the coupon mate-
ial.

7.3.1.3 Consideration of some form of temperature compen-
sation is recommended, even when testing at standard labora-
tory atmosphere. Temperature compensation is required when
testing in nonambient temperature environments.

73.1.4 Consideration should be given to the transverse
sensitivity of the selected strain gage. The strain gage mam-
facturer should be consulted for recommendations on trans-
verse sensitivity corrections and effects on composites. This is
particularly important for a transversely mounted zage wsed to
determine Poisson’s ratio, as discussed in Note 11

732 Extensometers—For most purposes, the extensometer
gage length should be in the range of 10 to 50 mm [0.5 to 2.0
in ]. Extensometers shall satisfy. at a mininmm Practice E 83,
Class B-1 requirements for the strain range of interest and shall
be calibrated over that strain range i accordance with Practice
E 83. For extremely stiff materials, or for measurement of
transverse strains, the fixed emor allowed by Class B-1
extensometers may be significant. in which case Class A
extensometers should be considered. The extensometer shall be
essenfially free of mertia lag at the specified speed of testing,
and the weight of the extensometer should not induce bending
stramns greater than those allowed in 6.3.

MNore 3—It 15 generally less diffienlt to perform strain calibration on
extensometers of longer gage length as less precision m displacement 15
required of the extensometer calibration device.

74 Conditioning Chamber—When conditioning materials
at nonlaboratory environments. a temperature/vaporlevel-
controlled environmental conditioning chamber is required that
shall be capable of maintaining the required temperature to
within *3°C [*=5°F] and the required relative vapor level to
within +3 %. Chamber conditions shall be monitored either on
an automated continuous basis or on a manual basis at regular
intervals.

1.5 Environmental Test Chamber—An envirommental test
chamber 15 required for test emvironments other than ambient
testing laboratory conditions. This chamber shall be capable of
mmﬂammgthegagesecﬁoﬂoftheiestspecunenatthe
required test environment during the mechanical test.
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8. Sampling and Test Specimens

8.1 Sampling—Test at least five specimens per test condi-
tion unless valid results can be gained through the use of fewer
specimens, such as in the case of a designed experiment. For
statistically significant data, the procedures outlined in Practice
E 122 should be consulted. Report the method of sampling.

Nore 4—If specimens are to undergo emvirommental conditoning to
equlibnum, and are of mch type or geometry that the weight change of
the material cannot be properly mezsured by weighing the specimen itselff
(such as a tabbed mechamcal coupon), then use another traveler coupon of
the same nommal thickness and appropriate mize (but without tabs) to
determime when equlibrium has been reached for the specimens being
conditioned.

8.2 Geometry—Design of mechanical test coupons, espe-
cially those using end fabs. remams to a large extent an art
rather than a science. with no industry consensus on how to
approach the engineening of the gripping interface. Each major
composite testing laboratory has developed gripping methods
for the specific material systems and environments commonly
encountered within that laboratory. Comparisen of these meth-
ods shows them to differ widely, maling it extremely difficult
to recommend a umversally wseful approach or set of ap-
proaches. Because of this difficulty, definition of the gecmetry
of the test coupen is broken down into the following three
levels, which are disenssed firther in each appropriate section:

Purpose Degree of Geometry Definiton
8.21 General Reguirements Mandatory Shape and Tolerances
B.22 Specific Recommendations Monmandatory Suggested Dimensions

B.23 Defaled Exampias

8.2.1 General Requirements:

82.1.1 Shape, Dimensions, and Tolerances—The complete
list of requirements for specimen shape, dimensions, and
tolerances 15 shown m Table 1.

8212 Use of Tabs—Tabs are not required. The key factor
in the selection of specimen tolerances and gripping methods is
the successful introduction of load mto the specimen and the
prevention of premature failure as a result of a significant
discontinuity. Therefore, determine the need to use tabs, and
specification of the major tab design parameters, by the end

Monmandatory Typical Practices

TABLE 1 Tensile Specimen Geometry Requirements

Parameter Requirement
Coupon Requirements:
shape corstant rectangular eross-section
minirmem length gipping + 2 times width + gage length
specamen width a5 nesded?
specamen width folerance +1 % of width
specimen thickness a5 nesded
specimen thickness tolerance +4 % of thickness
specimen flamess flat with light finger pressure
Tab Requirements (if used):
tab material a6 nesded
fiber orientation (composite tabs) a5 nesded
tab thickness = nesded
tab thickness varation between +1 % tab thickness
tabs
tab bevel angle 5 to 90°, nclusive
tab step at bevel to specimen feathered without damaging specimen

A Sge 522 or Table 2 for recommendations.
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result: acceptable fatlere mode and location If acceptable
failure modes occur with reasonable frequency, then there is no
reason to change a given gripping method (see 11.10).

822 Specific Recommendations:

8.2.2.1 Width, Thickness, and Length—Select the specimen
width and thickness to promete failure in the gage section and
assure that the specimen contains a sufficient aumber of fibers
in the cross section to be statistically representative of the bulk
material The specimen length should normally be substantially
lenger than the minimmm requirement to minimize bending
stresses caused by minor grip eccentricities. Keep the gage
section as far from the grips as reasonably possible and provide
a significant amount of material under stress and therefore
produce a more statistically significant result. The mininmm
requirements for specimen design shown in Table 1 are by
themselves insufficient to create a properly dimensioned and
toleranced coupon drawing. Therefore recommendations on
other important dimensions are provided for typical material
configurations in Table 2. These geometries have been found
by a mumber of testing laboratories to produce acceptable
failure modes on a wide variety of material systems. but use of
them does not guarantee success for every existing or fiture
material system

8222 Gripping/Use of Tabs—There are many material
confignrations, such as pmltidirectional lanunates, fabriec-based
materials, or randomly reinforced sheet-molding compounds,
which can be snecessfully tested without tabs. However, tabs
are strongly recommended when testing nnidirectional materi-
als (or strongly nnidirectionally domunated lanunates) to fatlre
in the fiber direction. Tabs may also be required when testing
uwidirectional materials in the matnix direction to prevent
grppmg damage.

8223 Tab Geomefry—Recemmendations on important di-
mensions are provided for typical material confimurations in
Table 2. These dimensions have been found by a oumber of
testing laborateries to produce acceptable failure modes on a
wide variety of matenial systems, but use of them does not
guarantes suceess for every existing or fittwe material system.
The selection of a tab confisuration that can suecessfully
produce a gage section tensile failure is dependent upon the
coupon material, coupon ply orientation, and the type of grips
being used. When pressure-operated nonwedge grips are used
with care, seuared-off 90° tabs have been used successfully.
Wedge-operated grips have been used most successfully with
tabs having low bevel angles (7 to 10°) and a feathered smooth
transition into the covpen For alignment purposes, it is
essential that the tabs be of matched thickness.

8224 Fricion Tabs—Tabs need not always be bonded to
the material under test to be effective i miroducing the load
into the specimen Friction tabs, essentially nonbonded tabs
held in place by the pressure of the grip. and often used with
emery cloth or some other light abrasive between the tab and
the coupon, have been successfilly vsed in some applications.
In specific cases, lightly serrated wedge grips (see Note 2) have
been successfully vsed with only emery cloth as the interface
between the grip and the coupon. However, the abrasive used
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TABLE 2 Tensile $pecimen Geometry Recommendations®

Fiber Width, Owerall Length, Thickness, Tab Length, Tab Thickness, Tab Bevel
Orientation mm [in.] mm [in] mm [in.] mm [in.] mm [in.] Angle®
D0® unidirectional 15[D.5] 250 [10.0) 1.0 [0.040] 56 [2.25] 1.5 [0.062] Tor9d
BO0* unidirectional 2510 175 [ 7.00 2.0 [0.080] 25[1.0] 1.5 [0.062] 2]
balanced and symmetric 2510 250 [10.0] 2.5 [0.100] emery cloth — -
random-discontinuous 25[1.0] 250 [10.0] 2.5 [0.100] emery cloth — -

* Dimensions in this table and the tolerances of Fig. 2 or Fig. 3 are recommendations only and may be varied 5o long s the requirements of Table 1 are met.

must be able to withstand significant compressive loads. Some
types of emery cloth have been found ineffective in this
application becanse of disintegration of the abrasive ®

8225 Tab Material—The most consistently nsed bonded
tab material has been contiomous E-glass fiber-reinforced
polymer matrix materials (woven or nowoven) in a [0/90]ns
lanunate configuration. The tab material 15 commonly applied
at 457 to the loading direction to provide a soft interface. Other
configurations that have reportedly been spccessfully used
have incorporated steel tabs or tabs made of the same material
as 15 being tested.

8.22.6 Bonded Tnb Length—When using bonded tabs, es-
timate the mininmm suggested tab length for bonded tabs by
the following simple equation As this equation does not
account for the peaking stresses that are known to exist at the
ends of bonded joints. The tab length calculated by this
equation should normally be increased by some factor fo
reduce the chances of joimnt farlnre:

L, = F*hi2F* O]
where:
L, = minimmm required bonded tab length mm [in ];
F* = ultimate tensile strength of coupen material MPa
[psi]:
h = coupon thickness, mm [in |; and
F* = yltimate shear strength of adhesive, coupon mate-

nal, or tab material (whichever is lowest), MPa
[psi].

8.22.7 Bonded Tab Adhesive—Any high-elongation (tough)
adhesive system that meets the environmental requirements
may be used when bonding tabs to the material under test. A
uniform bondline of mininmm thickness is desirable to reduce
padesirable stresses in the assembly.

8.23 Detailed Examples—The mininmm requirements for
specimen design discussed in 8.2.1 are by themselves insuffi-
cient to create a properly dimensioned and toleranced coupon
drawing. Dimensionally toleranced specimen drawings for
both tabbed and untabbed forms are shown as examples in Fig.
2 (8I) and Fig. 3 (inch-pound). The tolerances on these
drawings are fixed, but satisfy the requirements of Table 1 for
all of the recommended configurations of Table 2. Fer a
specific confipuration, the tolerances on Fig. 2 and Fig. 3 might
be able to be relaxed.

8.3 Specimen Preparation:

83.1 Panel Fabrication—Control of fiber alisnment is
critical. Improper fiber alipnment will reduce the measured

#E-Z Flex Menlite K224 cloth, Grit 120-1, available from Norton Company,
Troy, WY 12181, has been found satizfactory in this application. Crther equivalent
type:s of emery cloth should alse be suitable.

properties. Emratic fiber alignment will also increase the coef-
ficient of variation. The specimen preparation methoed shall be

832 Machining Methods—Specimen preparation i3 ex-
tremely mmportant for this specimen Mold the specimens
ndividually to avoid edge and cutting effects or cut from them
plates. If they are cut from plates, take precantions to avod
notches, undercuts, rongh or uneven surfaces, or delaminations
cansed by inappropriate machining methods. Obtain final
dimensions by water-lubricated precision sawing, milling, or
grinding. The use of diamend tooling has been found to be
extremely effective for many material systems. Edges should
be flat and parallel within the specified tolerances.

833 Labeling—ILabel the coupons so that they will be
distinct from each other and traceable back to the raw material
and in a manner that will both be unaffected by the test and not
influence the test.

9. Calibration

9.1 The accuracy of all measuring equipment shall have
certified calibrations that are current at the time of use of the

equipment.

10. Conditioning

10.1 Standard Conditioning Frocedure—Unless a different
enviromment is specified as part of the experiment. condition
the test-specimens in accordance with Procedure C of Test
Method D 5220/D 5220M and store and test at standard
laboratory atmosphere (23 + 3°C [73 + 5°F] and 50 + 10 %
relative humidity).

11. Procedure

11.1 Parameters To Be Specified Bafore Test.

11.1.1 The tension specimen sampling method, coupon type
and geometry, and conditioning travelers (if required).

11.12 The fensile properties and data reporting format
desired.

Note 5—Determine specific matenal property, accwracy, and data
reporting requirements before test for proper selection of mstnumentation
and data-recording equpment. Esfimate operating stress and siram levels
to aid in transducer selection, calibration of equipment, and determination
of equipment settmgs.

11.1.3 The environmental conditicning test parameters.

11.1.4 If performed, the sampling methed, coupon geom-
efry, and test parameters used to deternune density and
reinforcement volume.

11.2 General Instructions:

11.2.1 Report any deviations from this test method, whether
intentional or inadvertent.
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11.2.2 If specific gravity, density, reinforcement volume, or
void volume are to'be reported. then obtain these samples from
the same panels being tension tested. Specific gravity and
density may be evaluated by means of Test Methods D 792.
Volume percent of the constituents may be evaluated by one of
the matrix digestion procedures of Test Method D 3171, or, for
certain reinforcement materials such as glass and ceramues, by
the matrix bum-off technique of Test Method D 2584, The void
content equations of Test Methods D 2734 are applicable to
both Test Method D 2584 and the matrix digestion procedues.

11.23 Following final specimen machining and any condi-
tioning, but before the tension testing, determine the specimen
areq as A=w X h, at three places in the gage section and
report the area as the average of these three determinations to
the accuracy in 7.1. Record the average area in units of
mm? (in 7).

11.3 Speed of Testing—Set the speed of testing to effect a
nearly constant strain rate in the gage section. If strain control
15 not available on the testing machine, this may be approxi-
mated by repeated monitering and adjusting of the rate of load
application to maintain a nearly constant strain rate, as mea-
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sured by strain transducer response versus time. The strain rate
shonld be selected so as to produce failure within 1 to 10 min
If the ultimate strain of the material cannot be reasonably
estimated. iitial trials should be conducted vsing standard
speeds until the ultimate strain of the material and the
compliance of the system are known, and the strain rate can be
adjusted. The suggested standard speeds are:

1131 Strain-Controlled Tests—A standard stram rate of
0.01 min™".

11.32 Constant Head-Speed Tests—A standard head dis-
placement rate of 2 mm/min [0.03 in./min].

Hore 6—Lse of a frxed head speed i testing machime systems wath a
high compliance may result m a stram rate that = owech lower than
requred. Use of wedge grips can cause extreme compliance mn the system,
espectally when wsing comphiant tab matenals In some such cases, actual
stramn rates 10 to 50 fimes lower than esimated by head speeds have been
observed.

11.4 Test Environment—Condition the specimen to the de-
sired moistore profile and, if possible, test under the same
conditioning fluid exposure level However, cases such as
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elevated temperature testing of a modst specimen place unre-
alistic requirements on the capabilities of common testing
machine environmental chambers. In such cases, the mechani-
cal test environment may need to be modified, for example, by
testing at elevated temperature with no fluid exposure control,
but with a specified limit on time to failure from withdrawal
from the conditioning chamber. Modifications to the test
environment shall be recorded.

11.4.1 Store the specimen in the conditioned environment
until test time, if the testing area environment is different than
the conditioning environment.

11.5 Specimen Insertion—Place the specimen in the grips of
the testing machine. taking care to align the long axis of the
gripped specimen with the test direction. Tighten the grips,
recording the pressure nsed on pressure controllable (hydraulic
of poeumatic) grips.

More T—The ends of the gup jaws on wedge-type zuips should be even
with each other followmg msertion to aveid inducmg 3 bending moment
that resultz m premzture failure of the specimen at the anp. When vamg
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untabbed specimens, a folded stip of medium gade (B0 to 130 gnf)
emery cloth between the specimen faces and the giip jaws (gnt-side
toward specimen) provides a nonslip grip on the specimen without jaw
serration damage fo the swrface of the specomen. When wang tabbed
specimens, nsert the coupon so that the prp jaws extend approximately
10 to 15 mom [(0.5 m ] past the beginning of the tzpered porion of the tab.
Coupons having tabs that extend beyond the gnps are prone to falure at
the tab ends becanse of excessive interlamumar stresses.

11.6 Transducer Installation—If strain response is to be
determined attach the strain-indication transducer(s) to the
specimen, symmetnically about the mud-span. mid-width loca-
tion. Aftach the strain-recording instrumentation to the trans-
ducers on the specimen

11.6.1 When determining modulus of elasticity, it is recom-
mended that at least one specimen per like sample be evalated
with back-to-back axial transducers to evalnate the percent
bending using Eq 3, at the average axial strain checkpoint
value (the mid range of the appropriate chord modulus strain
range) shown i Table 3. A sigle transducer can be used if the
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TABLE 3 Specimen Alignment and Chord Modulus Calculation

Strain Ranges
Tensile Chord Modulus Caleulation Longitudinal Strain
Longitudinal Strain Range Checkpaint for
Start Point End Point Bending
pet pe e
1000 3000 2000

41000 e = 0.001 absolute strain.

#This strain range is to be contained in the lower half of the stress/strain curve.
For materials that fail below 8000 pe, a strain range of 25 to 50 % of ulimate is
recommended.

percent bending is no more than 3 %. When bending is greater
than 3 % averaged strains from back-to-back transducers of
like kind are recemmended.

I~ e
5=y ©

where:
&
Ey
B,

mndicated strain from front transducer, pe;

indicated strain from back transducer, pe; and
percent bending in specimen

11 7 Loading—Apply the load to the specimen at the

specified rate until faihue, while recording data.

11.8 Data RecmdinHeom‘d load versus strain {or trans-
ducer displacement) contimuously or at frequent regular inter-
vals. If a fransition region or mitial ply failures are noted,
record the lead. strain, and mode of damage at such points. If
the specimen is to be failed record the maxinmm load, the
faiture load, and the strain (or transducer displacement) at, or
as near as possible to, the moment of rupture.

Nore 8—Okher valuzble data that can be wseful m understanding
festing anomalies and gpping or specimen shippmg problems meludes
load versus head displacement data and load versus time data.

11.9 Failure Mode—FRecord the mode and location of
failure of the specimen Choose, if possible, a standard
description using the three-part failure mode code that is shown
in Fig. 4.

11?1[} Grip/Tab Failures—Reexamine the means of load
introduction into the material if a significant fraction of failures
in a sample population occur within cne specimen width of the
tab or grip. Factors considered should mclude the tab align-
ment, tab material, tab angle, tab adhesive, grip type. grip
pressure, and gnp alignment.

11, Calculation

121 Tensile Stress/Tensile Strength—Calculate the ultimate
tensile strength using Eq 6 and report the results to three
significant figures. If the tensile modulus is to be calculated,
determine the tensile stress at each required data point nsing Eq
7.

P =Py ®
o, =PBld 0]
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where:
F* = ultimate tensile strength MPa [psi]:
P = maxinmm load before failore, N [Ibf];
o = tensile stress at ith data point, MPa [psi];
F = load at ith data point, N [Ibf]; and
4 = average cross-sectional area from 11.2.3, mm’
[in?].
122 Tensile Strain/Ultimate Tensile Strain—If tensile

modulus or ultimate tensile strain is to be calculated, and
material response is being determined by an extensometer,
determine the tensile strain from the indicated displacement at
each required data point using Eq 8 and report the results to
three significant figures.

& =8/, ®

tensile strain at fth data poinf, pe;

1 ||§-

8, extensometer displacement at ith data peint, mm [in];
and
L, = extensometer gage length. mm [in].

1"' 3 Tensile Modulus of Elasticity:

Nore 9—To munimize potential effects of bending it 15 recommendad
that the strain data used for modulus of elasticity determmation be the
average of the indicated shmins from each side of the specimen as
discuzsed in 7.3 and 116

123.1 Tensile Chord Modulus of Elasticit—Select the
appropriate chord modulus strain range from Table 3. Caleulate
the temsile chord modulus of elasticity from the stress-strain
data using Eq 9. If data is not available at the exact strain range
end points (as often occurs with digital data). vse the closest
available data pont. Report the tensile chord modulus of
elasticity to three sipnificant fisures. Also report the strain
range used in the calculation. A graphical example of chord
modulus 15 shown in Fig. 5.

23.1.1 The tabulated strain ranges should cnly be nsed for
materials that do not exhibit a transition regien (a significant
change in the slope of the stress-strain curve) within the given
strain range. If a transition region occurs within the recom-
mended strain range, then a more suitable strain range shall be

used and reported.

E4 = Aride ®
where:
Ebrd = tensile chord modulus of elasticity, GPa [psi];
Ac = difference in applied tensile stress between the
two strain points of Table 3, MPa [psi]; and
Ae = difference between the two strain points of Table
3 (nominally 0.002).
123.2 Tensile Modulus of Elasticity (Other Definitions)—

Other definitions of elastic modulus may be evaluated and
reported at the user’s discretion If such data is generated and
reported, report also the definition used, the strain range used,
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and the gesults to three significant figures. Test Method E 111 ;

provides additional gpidance in the determination of modulus i F i

of elasticity. ! f'f i
More 10—An example of anofher modulus definition is the secondary ; e s e |

chord modnlus of elasherty for materials that exhibit essentially bilinear w0 |

stress-strain behavior An example of secondary chord modulus is shown

inFig 5. !

12.4 Poisson’s Ratio: . Exampie of Blivess Besparas

-

-

More 11—If bonded resistance strain gages are bemgz used, the emmor
produced by the transverse sensitvity effect on the transverse gage will EON
generally be mmch larper for composites than for metals. An zccourate
mezsurement of Powsson’s raho requures comrechon for this effect. The 00 +
stramn gage manufacturer should be contacted for mformation on the wse
of comection factors for transverse sensitivity.

12.4.1 Poisson’s Ratio By Chord Method—Select the ap-
propriate chord modulus longitedinal strain range from Table
3. Determine (by plotting or otherwise) the transverse strain
(measured perpendicular to the applied load), €, at each of the
two longitudinal strains (measured parallel to the applied load). 0

Tramsition Paist

3 S8 ]

&, strain range end points. If data is not available at the exact Savain fua]
strain range end points (as often occurs with digital data), use FIG.5 Typical Tensile Stress-Strain Curves
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the closest available data point. Calenlate Poisson’s ratio by Eq
10 and report to three significant figures. Also report the strain
range used.

v = —Ag e, (10

= Poisson’s ratio;

Ae, = difference in lateral strain between the two longitu-
dinal strain points of Table 3, pe; and

= difference between the two longitudinal strain points
of Table 3 (nominally either 0.001, 0.002, or 0.003).

L=
on
|

12.4.2 Tensile Poisson’s Rafie {Other Definitions)—Other
definitions of Potsson’s ratio may be evaluated and reported at
the nser’s direction. If such data is generated and reported,
report also the defimtion nsed, the stran range used. and the
results to three significant figures. Test Method E 132 provides
additional mudance in the determination of Poisson’s ratio.

12.5 Tramsition Strain—Where applicable, determine the
transition strain from either the bilinear longitudinal stress
versus lengitudinal strain curve of the bilinear transverse strain
versus longitudinal strain curve. Create a best linear fit or chord
line for each of the two linear regions and extend the lines until
they intersect. Determine to three significant digits the longi-
tudinal strain that corresponds to the intersection point and
record this value as the transition stram Report also the
method of linear fit (if used) and the strain ranges over which
the linear fit or chord lines were determuned. A graphical
example of transition strain is shown i Fig. 5.

12.6 Stafistics—Fot each series of tests caleulate the aver-
age value, standard deviation and coefficient of vanation (in
percent) for each property determined:

L]

T = E EALT (11}
S = \.I.'II i x — 1 Wn = 1) (12
CF=1004 5 9/x (13
where:
x = sample mean (average);
Sp-1 = sample standard deviation;
CV = sample coefficient of variation, in percent;
n = mumber of specimens; and
X, = measwed or derived property.
13, Report

13.1 Report the followmng mformation, or references pomt-
ing to other documentation containing this information, to the
maxitmm extent applicable (reporting of items beyond the
control of a given testing laboratory, such as mght occur with
material details or panel fabrication parameters. shall be the
responsibility of the requestor):

13.1.1 The revision level or date of 1ssue of this fest method.

13.1.2 The date(s) and location(s) of the test.

13.1.3 The name(s) of the test operator(s).
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13.1.4 Any variations to this test method, anomalies noticed
dunng testing, or equipment problems occurmng duning testing.

13.1.5 Identification of the material tested including: mate-
rial specification. material type, material designation. manufac-
turer, manufacturer’s lot or batch oumber. sowrce (if not from
manufacturer), date of certification. expiration of certification,
filament diameter, tow or yam filament count and twist, sizing,
form or weave, fiber areal weight. matrix type, prepreg matrix
content, and prepreg velatiles content.

13.1.6 Description of the fabrication steps nsed to prepare
the laminate including: fabrication start date. fabrication end
date, process specification. cure cycle, consolidation method,
and a description of the equipment nsed.

13.1.7 Ply onentaticn stacking sequence of the lanunate.

13.1.8 If requested, report density, volume percent rein-
forcement. and void content test methods. specimen sampling
method and geometries, test parameters, and test results.

13.1.9 Average ply thickness of the material

13.1.10 Results of any nendestructive evaluation tests.

13.1.11 Method of preparing the test specimen. inchding
specimen labeling scheme and methed, specimen geometry,
sampling method, coupon cutting method, identification of tab
geometry, tab matenal and tab adhesive nsed.

13.1.12 Calibration dates and methods for all measurement
and test equipment.

13.1.13 Type of test machine, grips, jaws, zrip pressure,
alipnment results, and data acquisition sampling rate and
equipment type.

13.1.14 Results of system alipnment evaluations, if any
such were done.

13.1.15 Dimensions of each fest specimen.

13.1.16 Cenditioning parameters and results. use of travel-
ers and traveler geometry. and the procedure used if other than
that specified in the test method.

13.1.17 Relative humudity and temperature of the testing
laboratory:

13.1.18 Environment of the test machine environmental
chamber (if used) and soak time at environment.

13.1.19 Number of specimens tested.

13.1.20 Speed of testing.

13.1.21 Transducer placement on the specimen and trans-
ducer type for each transducer used.

13.1.22 If strain gages were used, the type, resistance, size,
gage factor, temperature compensation method transverse
sensitivity, lead-wire resistance, and any cosmrection factors
nsed.

13.1.23 Stress-strain curves and tabulated data of stress
versus stramn for each specimen

13.1.24 Percent bending results for each specimen so evalu-
ated.

13.1.25 Individnal strengths and average valwe, standard
deviation, and coefficient of variation (in percent) for the
population. Note if the failure load was less than the maxinmm
load before failure.

13.1.26 Individual strans at fadwre and the average value,
standard deviation, and coeficient of vanation (in percent) for
the population.



QE.I# D 3039/D 3039M - 00"

13.1.27 Strain range used for chord modulus and Peisson’s
ratio determination.

13.1.28 If another definition of medulns of elasticity is used
in addition to chord modulus, describe the method used, the
resulting correlation coefficient (if applicable), and the strain
range used for the evaluation

13.1.29 Individual values of modulus of elasticity, and the
average valoe, standard deviation, and coefficient of variation
(in percent) for the population.

13.1.30 If another definition of Poisson’s ratio is used in
addition to the chordwise definition describe the method used,
the resulting comelation coefficient (if applicable), and the
strain range used for the evalvation.

13.1.31 Individual values of Poisson’s ratio, and the average
value, standard deviation and coefficient of variaticn (in
percent) for the population.

13.1.32 If transition strain is determined, the method of
linear fit (if used) and the strain ranges over which the linear fit
or chord lines were determined.

13.1.33 Individual values of transition strain (if applicable),
and the average value, standard deviatien and coefficient of
variation (in percent) for the population.

13.1.34 Failure mode and location of failwe for each
specimen.

14. Precision and Bias

14.1 Precision:

14.1.1 The precision and bias of tension test strength and
modulus measurements depend on strict adberence to the Test
Method D 3039/D 3039M and are infivenced by mechanical
and material factors, specimen preparation. and measurement
eITOrs.

14.1.2 Mechamical factors that can affect the test results
inctode: the physical charactenistics of the testing machine
(stiffness, damping. and mass), accuracy of leading and
displacement/strain measurement, speed of loading, alisnment
of test specimen with applied load, parallelism of the grips,
grip pressure, and type of load control (displacement. strain or
load)

14.1.3 Material factors that can affect test results include:
material ¢quality and representativeness, samphing scheme. and
specimen preparation (dimensional acenracy. tab material, tab
taper, tab adhesive, and so forth).

14.1.4 The mean tensile strength for a strain rate sensitive,
glass/epoxy tape composite testing in the fiber direction was
found to increase by approximately two standard deviations
with decreasing tume to fadlure tested at the hmits of the
recommended time to fallure prescribed in Test Method
D 3039/D 3039M. This result suggest that caution mmst be
used when comparing test data obtained for strain rate sensitive
composite materials tested in accordance with this standard.

14.1.5 Measurement errors arise from the use of specialized
measuring instruments such as load cells, extensometers and
strain gages, mucrometers, data acequisition devices, and so
forth.

14.1.6 Data obtained from specimens that fracture outside
the gage are should be used with caution as this data may not
be representative of the material Failure in the grip region
indicates the stress concentration at the tab 15 greater than the
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natural strength variation of the material in the page section. A
tapered tab, bended with a doctile low-modulus adhesive has a
relatively low-stress concentration and should result in the
lowest frequency of grip failures. Low-strength bias increases
with the frequency of grip failures by an amount proportional
to the stress concentration at the tab.

1417 An interlaboratory test program was conducted
where an average of five specimens each of six different
materials and lay-up configurations, were tested by nine
different laboratories.! Table 4 presents the precision statistics
generated from this study as defined in Practice E 691 for
tensile strength modulus, and failwe strain. All data except
that for Material B (907 lay-up) was normalized with respect to
an average thickmess. The materials listed in Table 15 are
defined as:

TM-5/3501-6 uni-taps (T
IM-5/3501-6 uni-tape (90)n
IM-5/3501-6 uni-tape (90000
Glass/epoxy fabrc (7781

glass/Ciba B 7376 Epoxy)-

warp aligned
Carbon'epoxy fabric (56108

carbon/Ciha B 637§

oo b e

TRELE 4 Precision Statistics

Matzrial x 5x 5 S 5% SYx%
Strength, ksi
A 160 240 10.88 1278 312 373
B 852 052 0.85 08z 984 10.34
C 15337 384 10.85 10.85 684 6.04
F BG.18 |« 320 152 348 230 5.26
G 12152 150 382 3.00 i 323
Modubus, Msi
A 35T 065 0.83 0.8 288 3.06
B 130" 005 0.04 0.08 312 457
C 1238 028 0.37 044 288 354
F 395 0DB 0.04 0.0 101 238
G 047 018 0.12 0.20 129 206
Failure Strain, %
A 136 D006 007 0.08 495 6.15
B 088 004 0.08 0.08 1247 13.02
C 122 003 0.08 0.08 525 5.7
F 24 045 0.07 0.18 319 8.03
G 127 003 0.05 0.06 3m 413

14.1.8 The averages of the coefficients of variation are in
Table 5. The values of 5/X and 5,/ X represent the repeatability
and the reproducibility coefficients of vanation, respectively.
These averages permit a relative comparison of the repeatabil-
ity (within laboratory precision) and reproducibility (between
laboratory precision) of the tension test parameters. Overall
this indicates that the failure strain measurements exhibit the
least repeatability and reproducibility of all the parameters
measured while moduls was found fo provide the highest
repeatabilify and reproducibility of the parameters measured.

* International Harmonization of Composite Materials—Phasze 1: Harmoniza-

tion of ASTM D 30390 3039M and IS0 527-5, Final Report, ASTM Institute for
‘Standards Research, April 1997
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TABLE 5 Averages of the Coefficients of Variation rial and specimen preparation techniques, test conditions, and
Parameter Average of Average of measurements of the fension test paramefers.
54X, % SelX, % ) . . .
! = 14.2 Bias—DBias cannot be determined for this test method
Strength 5.11 8.00 .
Modulus 2; 122 as no acceptable reference standard exists.
Failure strain .04 732

15. Kevywords

15.1 composite materials; modulus of elasticity; Poisson’s

1419 Th ist f f fi ted tests of
e consistency of agreement for repeated tests o ratio; tensile properties: tensile strength

the same material is dependent on lay-up configuration, mate-

ASTM International fakes no position respecting the validity of any pafent rights asserfed in connection with any item mentioned
in this standard. Users of this standard are expressly advised that defermination of the validity of any such patent nghts, and the nisk
of infringement of such nghts, are entirelly their own responsibiity.

This standard is subject fo revision at any time by the responsible technical committes and must be reviewed every five years and
if mot revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Infernational Headquarters. Your comments will receive careful consideration at a meeting of the
responsibie technical commiftee, which you may atfend. If you feel thaf your comments have not received a fair heaning you should
make your views known fo the ASTM Commiftee on Standards, at the address shown below.

This standard is copynghted by ASTM Infemational, 100 Barr Harhor Drive, PO Box CT00, West Conshohocken, PA 18425-2058,
United Stafes. Individual reprints (single or multiple copies) of this standard may be obfained by confacting ASTM at the above
address or at 810-832-8585 (phone), 610-832-8555 (fax), or servicei@astmorg (e-maill; or through the ASTM website
(www.asim.ong).

81



