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ABSTRACT 

  

 

Nowadays, the usage of natural fiber to produce biodegradable composites 

has gained increasing interest due to their eco-friendly properties. Biodegradable 

composite can be defined as composite material or the combination between matrix 

and reinforcement used both materials from natural resources. Pineapple leaf fibre 

(PLF) is a waste product of pineapple cultivation. This fibre has potential as 

reinforcement fillers in thermosets, thermoplastics, elastomers or biodegradable 

matrix and exhibit excellent mechanical properties. One of biodegradable matrix is 

the mixture of starch (SH) and glycerol (GLY). The ratio of GLY has been vary from 

10 up to 30% from total weight of mixture SH/GLY. The tensile strength of this 

mixture had been determine and the mixture of 70:30 (SH:GLY) shown the highest 

value of 0.734 MPa. Therefore, this matrix has been selected to produce composite 

of PLF/(SH/GLY) and the mechanical properties of this composite have been 

studied. The objectives in this study were to investigate the effect of fibre loading, 

addition of GLY as bonding agent and fibre treatment in PLF/(SH/GLY) composite 

by comparing the mechanical properties. The composite compositions are 

50PLF/50(SH/GLY), 60PLF/40(SH/GLY) and 70PLF/30(SH/GLY) and has been 

fabricated through hot compression moulding in order to form composite sheet. The 

PLF fiber was treated used Sodium Hydroxide (NaOH) as treatment agent. The 

mechanical properties of the composite materials were analyzed through the tensile 

test (ASTM D 3039/D 3039 M-00), hardness test, density measurement and 

macrostructure analysis. All of the tests basically show improvement. Tensile 

strength shows increment of the value of 27.686MPa with the increasing of fibre 

loading. The same pattern also happen to the hardness and density measurement 

shows increment value of 55.0 in shore-D and 1.332g/cm3 of the result with the 

more composition of fibre in the composites. Therefore it can be concluded, the 

results showed 70PLF/30(SH/GLY) composite filled with treated fibre had higher in 

tensile strength, hardness and density.  
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ABSTRAK 

 

 Pada masa kini, penggunaan serat semula jadi untuk menghasilkan komposit 

biodegradable telah mendapat minat yang semakin meningkat kerana sifat mesra 

alam mereka. Komposit biodegradable boleh ditakrifkan sebagai bahan komposit 

atau kombinasi di antara matriks dan tetulang digunakan kedua-dua bahan-bahan dari 

sumber asli. Serat daun nanas (PLF) adalah produk sisa penanaman nanas. Serat ini 

mempunyai potensi sebagai pengisi penguat dalam termoset, termoplastik, elastomer 

atau matriks biodegradable dan mempamerkan sifat-sifat mekanikal yang baik. Salah 

satu matriks biodegradable adalah campuran kanji (SH) dan gliserol (GLY). Nisbah 

GLY telah berbeza-beza dari 10 sehingga 30% daripada jumlah berat campuran SH / 

GLY. Kekuatan tegangan campuran ini telah menentukan dan campuran 

70:30(SH/GLY) yang dipaparkan nilai tertinggi 0,734 MPa. Oleh itu, matriks ini 

telah dipilih untuk menghasilkan komposit PLF/(SH/GLY) dan sifat-sifat mekanik 

komposit ini telah dikaji. Objektif dalam kajian ini adalah untuk mengkaji kesan 

loading serat, penambahan GLY sebagai ejen ikatan dan rawatan serat dalam PLF / 

(SH/GLY) komposit dengan membandingkan sifat-sifat mekanikal. Komposisi 

komposit adalah 50PLF/50(SH/GLY), 60PLF/40(SH/GLY) dan 70PLF/30(SH/GLY) 

dan telah direka melalui pengacuan mampatan panas untuk membentuk lembaran 

komposit. The PLF serat telah dirawat digunakan Sodium Hidroksida (NaOH) 

sebagai agen rawatan. Sifat-sifat mekanikal bahan komposit dianalisis melalui ujian 

tegangan (ASTM D 3039/D 3039 M-00), ujian kekerasan, pengukuran ketumpatan 

dan analisis Macrostructure. Semua ujian yang pada dasarnya menunjukkan 

peningkatan. kekuatan tegangan menunjukkan kenaikan daripada nilai 27.686MPa 

dengan meningkatkan serat loading. Corak yang sama juga berlaku kepada kekerasan 

dan pengukuran ketumpatan menunjukkan nilai peningkatan sebanyak 55.0 di shore-

D dan 1.332g/cm3 hasilnya dengan komposisi lebih serat dalam komposit. Oleh itu ia 

boleh membuat kesimpulan, keputusan menunjukkan 70PLF/30(SH/GLY) komposit 

penuh dengan rawatan serat mempunyai lebih tinggi dalam kekuatan tegangan, 

kekerasan dan kepadatan.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 BACKGROUND OF STUDY 

  

Generally, bonding agents known as naturals, compounded or synthetic materials used 

to enhance the joining of individual members of a structure without employing mechanical 

jointing equipment or fasteners. These products are often used in various types of applications 

such as building construction, automotive, airbus and so on. For example in the application of 

building construction industry, the main types of bonding agents used are latex emulsions and 

epoxies. Furthermore, these two have their own mechanical properties and chemical properties 

as suitable bonding agents to be used for bonding the materials for construction process 

(Mailvaganam, n.d.). In biodegradable composite, regarding from that, those bonding agents 

are the main important elements, in order to analyze the strength of the materials involved in a 

certain project.  Therefore, this project is focusing on the effect of bonding agents towards the 

composition ratio of two materials which is Pineapple Leaf Fibre (PLF) as reinforcement 

material and Starch (SH) as matrix material, in order to determine their mechanical properties.  

Bonding agent is known as additive, which is the material that can react with the composition 

of reinforcement and matrix, in order to increase the mechanical properties of the composites. 

Their presence towards the composition can affect the result on the mechanical testing 

whether it will show increasing or decreasing value of the composites sample. Bonding agent 

such as polylactic acid (PLA) and glycerol, GLY) can be available as their functions as 

plasticizers that can react with thermoplastic material such as starch and polypropylene (PP). 
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Reinforcement in a simplest word can be described as a material that will strengthen 

the structure. The reinforcement is made up of material or fibre. Nowadays, the natural fibres 

are increasingly used as reinforcement in polymer composite (Campbell, 2010). The 

reinforcement also can come from natural or made by human. There are other several types of 

reinforcement in industries such as synthetics fibre and natural fibre. The example of fibres 

that normally used in industries is glass fibre and carbon fibre. Glass fibre is well known as the 

combination made between steel sheet and zinc diecasting. For example in automotive 

industry, carbon fibre dominates as the main reinforcement that has low-cost composites. 

Furthermore, they has already reached its impressive performance level in automotive 

manufacturing process (Haruna et al., 2014).  

 

There are a few examples of natural fibres such as sisal fibre, bamboo fibre, pineapple 

leaf fibre, hemp fibre and jute fibre. Nowadays, natural fibres such as sisal and jute fibre 

composite materials are being alternative natural fibres that can replace the glass and carbon 

fibers since the cost of glass fibre is quite expensive in market. Furthermore, the hardness and 

flexibility is good and compare to the glass fibre. The performance of natural fibre is improved 

remarkably due to the fact that the field of application is improved day by day especially in 

automotive industries.  

 

Nowadays, natural fiber composites have gained increasing interest due to their eco-

friendly properties. From the previous research that has been done by a researcher on natural 

fibre properties, the natural fibre has obtained positive results. This is due to the natural fibers 

such as jute, sisal, silk and coir are inexpensive, abundant and renewable, lightweight, with 

low density, high toughness, and biodegradable (Asim et al., 2015). Natural fibres such as jute 

have the potential to be used as a replacement for traditional reinforcement materials in 

composites for applications which require high strength to weight ratio and further weight 

reduction (Ashik & Sharma, 2015). Natural fibres are all kind of fibres that come from natural 

resources such as plant. The other word that can describe the natural fibres is a natural 

availability. The natural fibres that extract from the plants are actually obtained from the 
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certain parts of the plant such as leaf. Therefore, the strength of natural fibre will increase if it 

undergoes chemical treatment.  

 

 

1.2 PROBLEM STATEMENT 

 

Natural fibre composites are widely used in a few industries includes an automotive 

industry especially as an interior part. Currently in industries, normally for the type of natural 

fibre material used is synthetic fibre. Thus, natural fibres like sisal, banana, jute, oil palm, 

kenaf and coir has been used as reinforcement in thermoplastic composite industries for 

applications in consumer goods, furniture, low cost housing and civil structures (Munirah, 

Abdul Razak, & Hassan, 2007). Since the cost is much more affordable and it is a natural 

availability compared to the cost of glass fibres and carbon fibres, the industries try to harness 

the advantages of natural fibre composite. Nowadays, the automotive field tries to diversify 

the natural fibre in manufacture of a car bumper from kenaf while a car seat from coconut 

fibre. Furthermore, most of natural fibres are renewable, cheap and recyclable. Therefore in 

this project, the pineapple leaf fibre (PLF) is used as a reinforce material and starch (SH) as a 

matrix materials to produce PLF/SH composite. Thus the composite is biodegradable 

composite, which is consists of those two materials in order to keep strengthening the 

mechanical properties. Many advantages are associated with the use of biodegradable 

composite, including low cost, abundance, low density, high specific properties and lack of 

residues upon incineration (Sahari & Sapuan, 2011). Besides, it is also a solution to maintain 

the sustainabale development of economical and ecological technology. 

 

The current mechanical properties of PLF/SH composite used is might lower based on 

their analysis in mechanical testing. Hence, one of the alternative solution to increase the 

mechanical properties of PLF/SH is through added the bonding agent (1 up to 10 % from the 

total weight of the composite). The presence of bonding agent is to improve the interface 

between the matrix material and reinforcement. One of the materials can be used as bonding 

agent is glycerol. GLY can be mixed with SH before this mixture can be used as matrix in 
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PLF/(SH/GLY) composition. In order to determine the effectiveness of bonding agent several 

mechanical tests will be carry out such as tensile test, hardness and flexural test. Therefore, the 

mechanical properties of PLF/SH composite will be performed in order to investigate their 

actual mechanical properties. On the other hand, composite also have good potential to be 

used as an interior part of automotive but its potential has not been explored yet.  

 

 

1.3 OBJECTIVES 

 

There are two goals which are listed to be achieved on this project: 

 

1. To determine the effect of GLY as binder loading on the physical and mechanical 

properties of SH/GLY composition. 

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

 

 

1.4 SCOPE OF PROJECT 

 

This research studies the effects of bonding agent loading on the mechanical properties 

of PLF/SH composite which will be carrying out. The various ratio of bonding on SH/GLY 

composition are being selected and determine the physical and mechanical properties. After 

that the composite PLF/(SH/GLY) will be fabricated through hot compression moulding with  

the ratio of composition in the composite is fixed at, 70:30, 60:40: 50:50. An alkaline 

treatment will be conducted to extract thin PLF bundles and enhance the PLF properties before 

the formation process of PLF/SH composite by using hot pressing machine. The mechanical 

properties of PLF/SH composite is need to be determined by using tensile test, hardness test, 

density measurement and macrostructure analysis.  
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

 

2.1 INTRODUCTION 

 

Natural fibres composites are widely used in industry in order to produce a new 

product since it is an environmental friendly. Nowadays, the industrial automotive is trying to 

use the natural fibres composites especially in the making of interior part as shown in Figure 

2.1 below. This is highlighting on their advantages which are low cost and weight, also can 

prevent from damage towards processing equipment and great in mechanical properties 

(Sanjay et al., 2016). Natural fibres also can be defined as substances that come from 

agricultural residues. Thus, they can be used as the reinforcement with biodegradable polymer 

composites as a development in order to obtain useful products in industries. 

 

Figure 2.1: Application of natural fibres in automotive industry (Farsi, 2000) 
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The combination of the natural fibres reinforced with biodegradable polymer 

composite also can provide an alternative way in order to solve the problems that associated 

with agriculture crop residues. All of thems are being produced everyday and they are being 

obtained in a large amount of quantity. Therefore, the reinforcement of natural fibres and 

biodegradable composite can prevent from negative effect on the environment due to the air 

pollution of the residues. 

 

 

2.1.1 Biodegradable Composites 

    

Biodegradable composite can be defined as composite material or the combination 

between matrix and reinforcement of natural fibres. These kinds of materials have their own 

function which keep strengthening the properties of the matrix that was used, but always 

providing biodegradable compatibility. It is also known as composite material made from 

natural fibre and polymer matrix derived from petroleum such as polylactic acid (PLA), 

cellulose and thermoplastic starch (Sahari & Sapuan, 2011). Thus, the matrix part of the 

biodegradable composite can be classified into two parts which are fully degradable and partly 

degradable as shown in Figure 2.2 below: 

 

Figure 2.2: Biodegradable composite (Sahari & Sapuan, 2011) 
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For more specific, the combination of the composite material is being used in one of 

the world’s major palm oil producer in Malaysia, where the natural fibre of oil palm has been 

successfully compounded with thermoplastics such as PLA in order to produce biodegradable 

composites. The forming biocomposite which is lignocellulose fibre is a renewable material 

and also can increased the surface roughness of the fibre by the removal of hemicellulose and 

surface impurities (Schaschke & Audic, 2014). 

 

 

2.2  MATRIX (BINDER) 

   

There are many types of materials used as matrix in composites. Therefore, in order to 

combine the matrix with the fibre, it must be in the suitable type of the matrix. This is because 

the combination of the fibre with the appropriate matrix will form a very good strength 

property. A good matrix has many advantages to the reinforcement such as can prevent the 

natural fibre of abrasion and defects in surface, also acting as a binder to the fibre used in 

composition (Verma et al., 2012). 

 

The types of matrix that normally used in composites are metal matrix and polymer 

matrix. However, these two matrices have their own characteristics that could affect the 

performance of the composition formed. For more specific, metal matrix has good strength at 

higher temperatures, but high in density that can cause lower specific mechanical properties if 

compared with polymer matrix (Verma et al., 2012). However, the matrix used in this project 

is thermoplastic starch which is included in polymer matrix. The matrix will support load 

among the reinforcements since the reinforcements are discontinuity. 

 

 

2.2.1 Starch 

 

 Starch is classified in thermoplastic type, with also included as green composite based 

on their compositions, preparations and properties. Because of that, the characteristics of the 

starch have gained many interests due to its properties as the material of environmental 
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friendly and biodegradable renewable sources. However, the research shows that the 

application of starch can be further expanded, and can be developed more in order for wider 

usage. The starch brings many advantages especially in composites. This is because starch is 

naturally form in much quantities, can be renew and cheap in market (Wattanakornsiri & 

Tongnunui, 2014). 

 

 Before forming into the thermoplastic polymers, there are various sources of starch 

that has been used such as corn starch, tapioca starch, rice starch and wheat starch, which need 

to be bonded with addition of plasticizers in high temperature and shearing force. The purpose 

of this converting process is to obtain the lower friction between the molecules of the starch. 

The example of plasticizers that usually used is water and glycerol (Wattanakornsiri & 

Tongnunui, 2014). 

 

 In the chemical properties of starch, the starch contains two main elements which are 

amylose and amylopectin as shown in the presence of chemical structure in Figure 2.3 and 

Figure 2.4. These kind of elements can be hydrolyzed the compound into glucose. Initially, the 

starch is in crystalline form. The starch is normally need to be gelatinized which the 

intermolecular bonds molecules of starch is break by the water and heat, that make the 

hydrogen bonding sites is reduced and irreversibly dissolves the starch granules in water 

(Wattanakornsiri & Tongnunui, 2014). 

 

Figure 2.3: Chemical structure of amylose. (Wattanakornsiri & Tongnunui, 2014) 
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Figure 2.4: Chemical structure of amylopectin. (Wattanakornsiri & Tongnunui, 2014) 

 

There is history about the usage of starch which it has been chosen as one of the choice 

in the literature in 1920s. Since the advantages of the starch have been discovered, the 

research towards the characteristics of the starch has shown that there are also disadvantages 

existed. Therefore, all of the problems can be controlled by strengthening their mechanical 

properties. Besides, all the chemical processes such as the addition of plasticizers or the 

technology that has been discovered can be used to prevent the matters that can affect the 

properties. The thermoplastic starch also can be considered as a new class of inexpensive and 

green polymers which can be returned back to its natural state without any pollution after it 

has been used. (Nafchi et al., 2013) 

 

 

2.2.2 Epoxy 

 

 Epoxy is classified as matrix or binder. It usually used as thermoset plastic in polymer 

matrix composites. It has quite low shrinkage and great properties such as good chemical and 

environmental resistance, good adhesion to other material, and good insulating properties. 

Epoxy is manufactured by the combination of bisphenol and epichlorohydrin (Adalberto et al., 

2014). 

 

 Besides, the epoxy resin also has its own ability which is it can be bonded or reacted 

with various type of substrates. The epoxy can be applied as a curing agent in cure process. It 

always referred as hardeners, activators and also catalyst. Normally, especially during the 
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cured process occur, the element of amine will be used as a curing agents. This is because 

amine which is containing hydrogen will react with the nitrogen compound and it will make it 

easier to open the epoxy ring. The epoxy ring will form a covalent bonding (Singla & Chawla, 

2010). 

 

 

2.3 BONDING AGENT 

 

 In composites, the appearance of bonding agent is none other than to increase the 

mechanical properties of the composition between the particular natural fibres and matrix 

involved. For more specific, the properties of bamboo fibre with the addition of bonding agent 

can increase their properties in the aspect of tensile strength, tensile modulus, elongation at 

break and hardness (Ismail, 2002).  

 

 Based on the previous research, the study on the bamboo fibre composite with the 

addition of bonding agent has been conducted. The bonding agents used in this research are 

phenol formaldehyde and hexamethylenetetramine, and have obtaining the greater result in the 

concept of maximum and minimum elastic torque of the composition. This is strengthen the 

fact that the bonding agent has improved the properties of the combination between the 

bamboo fibre and the matrix (Rabu & Wirjosentono, 2001). 

 

 Beside that, there are some researches also have been done towards the application of 

advanced glycerol combine with adhesive monomer components to become as one composite 

resin.  In order to determine its mechanical properties, the microtensile bond strength has been 

conducted and the presence of glycerol has shown its specification based on the result to be 

one of the suitable bonding agent (Dickens & Hoon, 2005). 

 

 

2.4 REINFORCEMENT 

 

Based on the intellectuals such as researchers, scientists and engineers, the utilization 
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of natural fibres have been widely used as a composite element especially for the 

reinforcement in polymer. This is due to their characteristics which are low cost, fairly good 

mechanical properties, high specific strength, non abrasive, eco-friendly and biodegradable. 

Besides, the natural fibre also has been determined as alternative way in order for the 

replacement of conventional fibre like carbon and glass (Sanjay et al., 2016). 

 

 

2.4.1 Natural Fibre 

       

 Nowadays, the application of natural fibres is quite popular and widely used in several 

industries in Malaysia especially in automotive industry. The research on the natural fibres has 

been done since the early 1900’s and that means it has been used around 1000 years as 

reinforce material. The importance of natural fibres can be highlighted in car manufacturing 

sector which it concentrates on interior part and exterior part (“Natural Fiber Composites : A 

Review,” 2010) 

 

 There are various types of natural fibres as reinforcement with the polymer composite 

such as jute fibre, sisal fibre, pineapple leaf fibre, bamboo fibre and banana fibre. Natural 

fibres also can be included as the material that comes from natural resources or in simplest 

word it comes from natural availability. Since it is natural availability, the price of natural 

fibres is cheap and easy to get, and also it is classified as renewable resources (Dhal & Mishra, 

2013). 

 

 Generally, the natural fibres are lignocellulosic in nature. Hence, the plants such as 

flax, cotton, hemp, jute, sisal, kenaf, pineapple as well as wood are more tend to be applied as 

reinforcement of composites. Since the advantages of natural fibres which are rapidly growing 

and partially recyclable, they become an attraction in industrial applications and fundamental 

research. The Figure 2.5 below shows the classification of the natural fibres: 
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Figure 2.5: Classification of natural fibres as reinforcement.(Submitted et al., 2009) 

 

Among all the natural fibres, the pineapple leaf fibre is one of the best fibres that 

usually used as reinforcement due to its greater mechanical properties. This is because 

pineapple leaf fibre has higher in tensile strength and contains high cellulose. In pineapple 

industry, basically they are only needed the pineapple fruit and leaving the leaf. Thus, the 

pineapple leaf will generate high volume of waste and they will be burned. Hence, it will 

cause pollution to environment and clearly wasting one of the best potential sources of natural 

fibres (Jaramillo et al., 2016).  

 

 There have been a few studies have been done by researchers. These researches have 

been done including with the study about pineapple leaf fibre. The fibres have obtained great 

results such as higher in tensile, flexural, creep in resistance and compactness. This is because 

the pineapple leaf fibre can be increased its properties by having chemical treatment with 

sodium hydroxide (NaOH) solution, and also remove the cellulose content at the surface of the 

pineapple leaf fibre as shown in Figure 2.6 below (Asim et al., 2015). The pineapple leaf also 

cannot be obtained in similar length because the leaves at the plant do not have fixed in length, 

as shown in Figure 2.7: 
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Figure 2.6: Pineapple Leaf Fibre. (Asim et al., 2015) 

 

 
Figure 2.7: Pineapple Leaf. (Asim et al., 2015) 

 

2.5 FIBRE LENGTH 

 

 According to the previous research, the pineapple leaf size that obtained from the plant 

is not same since there are huge and small in size. Therefore, the pineapple leaf obtained from 

the plant will undergo extraction process by using machine that changes the leaf into the fibre. 

Then the fibre will be extracted manually by hand using kitchen utensils like spoon and knife. 

Based on the research, the size of leaf can give effective reinforcement when it is combine 

with the matrix (Munirah et al., 2007). 
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2.6 FIBRE EXTRACTION METHOD 

 

 According to the previous studies, the PLF were extracted by two methods which are 

mechanical method and chemical method. Between these two methods, the chemical method 

is more effective and normally used in the process. This method is including the technique of 

immersion, which is used the step of soaking the leaves in certain times. Thus, the next 

process is mechanical method, which by whittling the leaves until the skin of the leaves is 

removed. This kind of procedure is to get rid of the cellulose content at the fibres surface. The 

fibres then dried by using the oven (Adam & Yahya, 2016). 

 

 

2.6.1 Mechanical Extraction 

 

 The mechanical extraction is one of the methods that need to be applied to the 

pineapple leaf fibre. The pineapple leaf fibre has obtained in different size, which some of 

them are small and some are huge. The mechanical extraction brings the meaning of manually 

extraction by using kitchen utensils such as knife, spoon or plates. In the other words, this 

method is using the rebonding technique, which means it is to remove the unwanted layer at 

the natural fibre (Adam & Yahya, 2016) . 

 

 

2.6.2 Chemical Treatment 

 

 Based on the research, the chemical treatment has the function which to increase the 

strength of the fibres. Chemical treatment or alkali treatment will be undergoing before the 

mechanical extraction were done. The solution of sodium hydroxide (NaOH) is the most 

common solution used as a medium to clean the natural fibre. The chemical treatment will 

improved and give greater result in mechanical properties. Based on the research done, the 

pineapple leaves is determined to be immersed in 5% of NaOH solution in about 1 hour as 

shown in Figure 2.8 below. After that, the natural fibre sthat have been immersed in NaOH 
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will be neutralized in a 1% solution of hydrochloric acid (HCl). Then, the natural fibres will be 

put in the oven for drying method in 65oC to 70oC in the period of 3 hours (Engg & Engg, 

2013). 

 

 

.Figure 2.8: Sodium Hydroxide. (www.keywordsking.com) 

 

 

2.7 TESTING 

 

 For the testing, the American Standard Testing Methods (ASTM) is used as the 

mechanical testing method for the guidance standard for the pineapple leaf fibre testing. 

Accroding to the previous study, there a few tests that have been done such as tensile test, 

hardness test, flexural test, density test and microstructure analysis. 

 

 

2.7.1 Tensile test 

 

 Tensile test is used to measured the ability of the material, and in this case the ability 

of composite between the pineapple leaf fibre and starch will be determined by withstand 

forced that tend to pull and extent the material before it breaks. In the research, the tensile 

strength and Young’s modulus are the parameters that have to be determined after the test 
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have done. The standard used for the tensile test is ASTM D 3039/D 3039M-00) (A N Kasim 

et al., 2015). 

 

 

2.7.2 Hardness Test 

 

 The composition of PLF/SH also need to be determined based on their hardness. 

Therefore, in order to measure its hardness, the hardness test needs to be conducted toward the 

samples of PLF/SH. The equipment used for this hardness test is Analogue Shore Scale “D” 

Durometer according to the standard ASTM D1957. This is based on the hardness of the 

samples that were measured by the curvature occurred on samples and also the reading shown 

by the dial indicator (Selamat, Razi, Kasim, Dharmalingam, & Putra, 2016). 

 

 

2.7.3 Density Measurement 

 

 In the research, the specific values of density which the lowest and the highest can be 

obtained by density measurement of the composition of PLF/SH. The density values can be 

measured by using Electronic Densimeter MD-300S. From the result that will be obtained, the 

relationship between the fibre loading and the density can be determined (Selamat et al., 

2016). 

 

 

2.7.4 Macrostructure Analysis 

 

 After the result from the tensile and hardness test have been obtained, the 

macrostrucutre analysis of PLF/SH need to be analyzed by using Dino Lite Digital 

Microscope. All the image appeared will be compared based on the parameters in order to 

choose for the best samples (Selamat et al., 2016). 
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CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

 

3.1 EXPERIMENTAL OVERVIEW   

 

 Methodology is a process of the implementation of project. It is very important to 

describe each step to accomplish and many items to deal with. The process of the 

implementation of the project is shown in the flowchart in Figure 3.1. The actions that need to 

be carried out to achieve the objectives in this project are listed at the objectives part above. 

The first step is gaining all the informations about the method and process need to be gathered 

in order gain understanding about the project. This step highlights about the understanding 

through about the whole element of project, which including the finding of informations from 

sources such as journals, online articles, or any materials regarding the review of the project. 

After that, it followed by selection of material, and then proceeds with fabrication method and 

binder preparation. The suitable sample which is the type of PLF needs to be identified and 

after the selection has been done, the compression process is continued until it was repeated 

for unsuitable sample. Then, cutting process and testing is the last steps that need to be done 

for this project. 
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Figure 3.1: Flowchart of the methodology 

     Selection of materials  

      Fabrication method 

    Preparation of matrix 

  Compression moulding 
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SAMPLE 

         Cutting process 

    Mechanical testing  

 Result and analysis 
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No  
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SAMPLE 

 

No  
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3.2 SELECTION OF RAW MATERIALS 

 

The material selection is one of the important methods which need to be alerted, due to 

the project that relates with the concept of composite. This is belongs to the combination of 

the natural fibre and the binder along with the additive of bonding agent into the composition. 

Generally, the selection of the material must according to a few factors such as the pineapple 

leaf fibre which has the strength of the plants fibre and high in cellulose content and suitable 

for the performance as reinforcement in polymer composites (“Effect of Pineapple Leaf Fiber 

Length on the Properties,” 2015). 

 

 

3.2.1 Pineapple Leaf Fibre 

 

 In Malaysia, there are many plants that can be made as natural fibres. Most of them 

have speciality to become the best natural fibres as the reinforcement with the binder for 

composites. Among of them, the pineapple leaf is one of the most popular based on its 

mechanical properties. Besides, the usage of PLF has been widely attracted to industries 

nowadays such as in paper and textile making. This is because of the reasonable length of PLF 

that can be used for the production. Despite from that, the applications of PLF have huge 

opportunities since it provides good advantages to be as one of the natural fibres existed in 

Malaysia (Takahashi, 1990). 

 

 In this project, the pineapple leaf fibre is selected because of two reasons. In Malaysia, 

the focus of pineapple industry is the fruits and the leaf is leaving behind, mainly because of it 

was composted or burned, and thus, it has wasted a good potential source of fibres. Rather 

than burning it and will cause negative effect of environment, it is better to extracted the fibres 

from the leaves obtained. 
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3.2.2 Starch 

 

 For the combination with the pineapple leaf fibre as reinforcement, starch has being as 

one of suitable matrix that can be used for the composition. This is because the starch has the 

characteristics of promising raw material and also become as one of the attractive sources. 

Based on the previous research, the combination with cellulose fibres such as PLF can 

improve the properties of the starch, since it is one of the thermoplastic types.  

 

 Therefore, in this project, the starch has been provided in powder form. In order to 

undergo the formation process with the PLF, the starch is initially heated until it melted before 

mixing with the PLF in the compression process (Selamat et al., 2016). Therefore, the 

presence of bonding agent into the formation will increase the properties and providing the 

best results of the composition. The following Figure 3.2 shows the image of starch in powder 

form: 

 

 
Figure 3.2: Starch in powder form 
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3.2.3 Composition of SH/GLY 

 

 Before the formation process between reinforcement of PLF with matrix of SH, the 

properties of GLY towards the composition is initially find out. This is done by the finding of 

the best composition of the matrix SH with the bonding agent GLY. The process to find the 

composition need a repeated process until it acquires the specifications required. The 

specifications of the sample is high strength, non agglomerate and flexible. Therefore, the 

process requires several compositions between the SH and GLY in order to find the best 

composition among the others as shown in Figure 3.1 below.  

 

Table 3.1: Preliminary composition of SH/GLY 

Sample SH (%) GLY (%) 

1 85 15 

2 80 20 

3 75 25 

4 70 30 

5 65 35 

 

 

3.2.4 Composition of PLF/SH 

 

In this project, the PLF is used as reinforcement while the SH is used as a 

binder/matrix. This composition is also added with the bonding agent of Glycerol, (GLY) in 

order to show the comparison of the result between the composites. Since the pineapple leave 

have not similar in length, the specification of the composition have been decided. The 

following Table 3.2 is the preliminary composition ratio of PLF/SH also with the addition of 

bonding agent that will be used in this project: 
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Table 3.2: The preliminary composition of PLF/SH with Bonding Agent 

PLF (%) SH (%) Bonding Agent (%) 

70 30 
2 60 40 

50 50 

70 30 
4 60 40 

50 50 

70 30 
6 60 40 

50 50 

   

 

3.3 FABRICATION METHOD 

 

The fabrication method is actually to produce the sample of the composition which 

includes the extraction of fibre. The extraction of fibre brings the meaning of the pieces of 

PLF will undergo mechanical and chemical treatment process in order to extract the fibre. The 

function of the treatment is to increase the fibre strength and treated the fibre surface. The 

following Figure 3.3 and Figure 3.4 show the methods of PLF chemical extraction by using 

NaOH solution before the PLF is getting involved in the mechanical extraction by using 

kitchen utensils: 
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Figure 3.3: Chemical treatment of PLF 

 

 
Figure 3.4: Mechanical extraction method of PLF 

 

 

3.4 BINDER PREPARATION 

 

The binder being used is starch (SH). The SH is provided in a powder form. Then it 

will be mixed with the chosen bonding agent which is Glycerol (GLY), with several 

compositions until it melts parallel to the process of determining of the best and appropriate 

sample with the same composition that will be done in compression moulding with the PLF in 

order to choose for the final samples. 

 

There are several compositions that have been decided in order to find the best 

combination of compositions between SH and GLY as shown in Table 3.3. The relationship 

between these two materials is being conducted in hotpress machine. The size of the mould 
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involved for compression process is 140mm x 60mm. Since the compression process occurs in 

a hot temperature, the cooling process is done before SH/GLY is removed from the mould. 

The composition ratio of SH/GLY is being set up as in order to find out the best composition. 

 

 

Table 3.3: Composition of SH/GLY 

Sample  Composition SH (g) GLY(g) Total weight 

(g) 

1 85SH/15GLY 34.0 6.0 40.0 

2 80SH/20GLY 32.0 8.0 40.0 

3 75SH/25GLY 30.0 10.0 40.0 

4 70SH/30GLY 28.0 12.0 40.0 

5 65SH/35GLY 26.0 14.0 40.0 

 

 

The probability of the combination between these two materials could obtain results in 

the form of high strength, shape, smooth surface, colour and flexibility. Table 3.4 below 

shows the samples with the composition of SH/GLY after all of them have been compressed. 

 

 

Table 3.4: Samples of SH/GLY 

Composition Sample 

85SH/15GLY 
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80SH/20GLY 

 
75SH/25GLY 

 
70SH/30GLY 

 
65SH/35GLY 
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3.4.1 Determine appropriate parameter of matrix SH/GLY  

 

 There are two parameters that have been set in the same composition which is 

70SH/30GLY as the best composition. The best appearance among the two parameters is 

being chosen for the final sample. Table 3.5 below shows that the two types of parameters that 

have been done with the same composition and sample two has been chosen as the best and 

appropriate sample due to its strength, smooth surface and flexible compared to sample one. 

 

 

Table 3.5: Comparison of parameters 

Sample 1 2 

Pressure 200 tonne 200 tonne 

Temperature 165oC 165oC 

Preheat time 10 minutes 15 minutes 

Compressed time 15 minutes 20 minutes 

Composition 70SH/30GLY 70SH/30GLY 

Results 

  

 

 

3.5 COMPRESSION MOULDING 

 

The sample of PLF/(SH/GLY) then is prepared by using manual mixing technique. 

The PLF and best composition of SH/GLY which is 70SH/30GLY powder form undergo the 

process of compression by using hot press machine as shown in Figure 3.5 below. 
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Figure 3.5: Hot Press Machine 

 

The sample is being placed in the mould along with the arrangement of layer by layer 

technique (Supri & Lim, 2009). The size of the mould is 140mm x 60mm as shown in Figure 

3.6 below. The temperature and time used to compress the sample, pre-heat time; pressure is 

already set during the compression process. Table 3.6 shows the comparison between all the 

compositions involved in this PLF/SH composite. 

 

 

Table 3.6: Composition of PLF/(SH/GLY) 

Sample Composition PLF (gram) SH/GLY (gram) 

1 70PLF/30(SH/GLY) 14.0 6.0 

2 60PLF/40(SH/GLY) 12.0 8.0 

3 50PLF/50(SH/GLY) 10.0 10.0 
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Figure 3.6: Size of mould 

 

 

There are several processes need to be set at hotpress machine before the machine is 

operating. The temperature used to compress the sample is 165oC and the pressure set at 200 

tonne. The compression processes started with pre-heat for 15 minutes and continue with 

compression time for about 20 minutes. Figure 3.7 shows the mould is pressed during 

compression process. 

 

 
Figure 3.7: The mould is pressed by hotpress machine. 
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After compression process has completed, the mould is taken out from the hotpress 

machine and being proceeded with cooling process where it takes about 15 minutes by using 

low press machine as shown in Figure 3.8 below. The purpose of the cooling process is to cool 

down the heated mould as long as to make it easier to pull out the sample for the analysis.  

 

 
Figure 3.8: The cooling process 

 

After the sample has been removed from the mould, the observation towards the 

sample can be made. Therefore, all the samples for all the compositions can be compared as 

shown in Table 3.7 below. 

 

 

Table 3.7: Samples of PLF/(SH/GLY) 

Composition Sample 

70PLF/30(SH/GLY) 
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60PLF/40(SH/GLY) 

 
50PLF/50(SH/GLY) 

 
 

 

3.6 CUTTING PROCESS 

 

After the sample of PLF/(SH/GLY) having the compression method, the composites 

sample will be cut to the specified dimension in order for doing mechanical testing. The 

dimension is according to the standard required which is ASTM D 790-03 for flexural testing 

and ASTM D 3039/D 3039M-00 for tensile testing (Barkoula, Garkhail, & Peijs, 2010). The 

cutting process will be use the proxxon table saw as shown in Figure 3.9 below provided in 

laboratory as the equipment involved for cutting process. 

 

 
Figure 3.9: Proxxon Table Saw 
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The dimension of sample according to the ASTM D 3039/D 3039M-00 is 13mm x 

140mm. Therefore, all the samples have been cut based on the dimension given before 

undergo tensile test. Figure 3.10 below shows one of the PLF/(SH/GLY) sample that has been 

cut based on the dimension of ASTM D 3039/D 3039M-00. 

 

 
Figure 3.10: Dimension of PLF/SH sample 

 

 

3.7 MECHANICAL TESTING 

 

There are four types of mechanical testing that will be undergo throughout this project 

which are tensile test, hardness test, density test and microstructure analysis test. These four 

testing have their function which is to determine and analyze the strength of the composition 

of the natural fibre and binder along with the bonding agent. For tensile test, it has its own 

standard required for doing the testing which is ASTM D 3039/ D 3039M-00. This standard 

highlights about the dimension of the samples required in the standard before it will be fixed 

into the Universal Testing Machine for tensile testing. 

 

 

3.7.1 Tensile Test 

 

Tensile test is one of the most basic in mechanical testing that performs for 

determining the properties of the material. The tensile test is simple, inexpensive and 

standardized. The strength properties of the material will be determined by pulling the material 

until it breaks. Thus, the behaviour of the material under the forms of loading can be analyzed.  
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There has tension that is applied during the tensile test. The main properties which can 

be obtained during tensile test are ultimate tensile stress and strain. Therefore, it is also 

functions to create the stress-strain curve of the material being tested (Testing, 2004). The 

standard of the tensile test is the American Standard Testing Machine (ASTM D 3039/ D 

3039M-00) and the machine used for this tensile test operation is Universal Testing Machine 

Instron 8872 as shown in Figure 3.11.  

 

 
Figure 3.11: Universal Testing Machine Instron 8872. 

 

In order to conduct the tensile test, the sample of PLF/(SH/GLY) is being cut by using 

proxxon table saw before it is undergo tensile test with the length of the sample is 140mm and 

the width is 13mm. This dimension is according to the ASTM D 3039/ D 3039M-00, and the 

span length is marked on the sample as shown in Figure 3.12 before it is mounted on the 

machine as shown in Figure 3.13. 
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Figure 3.12: Dimension of sample for tensile test 

 

 

 
Figure 3.13: The sample is mounted on the machine 

 

Lastly, all the parameters and conditions involved such as total length, span length, 

width and thickness is set on the software provided. The speed used is being set before the test 

is conducted which the speed used is 2.2mm/minute. The tensile test operation is started until 

fracture occurs at the sample and the result of stress-strain curve is being printed as shown in 

Figure 3.14. 
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Figure 3.14: Stress-strain curve 

 

 

3.7.2 Hardness Test 

 

Hardness is conducted to test the hardness composition of PLF/(SH/GLY). There are 

five factors that can be used to determine the correct hardness test which is material used, 

approximate hardness, the shape, heat treatment and also the production requirement. For 

measuring the hardness of the sample, the hardness device which is shore hardness tester is 

pressed firmly at a constant speed vertically to the sample at a flat surface and the reading of 

the hardness will be read manually (Zhao, Allanson, & Ren, 2015).  

 

In simplest word, hardness test has the function to determine the properties of hardness 

between PLF and SH/GLY. The Analogue Shore Scale is used to run the hardness test. Figure 

3.15 shows the Analogue Shore Scale. 
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Figure 3.15: The Analogue Shore Scale 

 

 

There are several steps in order to conduct this hardness test. Firstly, the sample is 

placed on a flat surface. Then, the indenter is pressed into the sample and the reading is taken 

by referring the red scale on the Analogue Shore Scale. Figure 3.16 below shows the method 

on measuring the hardness of the sample. All the steps are repeated with other sample of 

different compositions of the PLF/(SH/GLY) composite materials. 

 

 
Figure 3.16: Measurement of the sample 
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3.7.3 Density Test 

 

 For this section, the density test is being conducted in order to determine the specific 

gravity or density of PLF/(SH/GLY) composite materials. This density test is done by using 

Electronic Densimeter as shown in Figure 3.17. There are a few steps to conduct this test. 

Firstly, the sample is being cut into smaller pieces and then being placed on the container in 

order to find the mass value of the sample.  

 

 Next, the sample is placed into the water and the specific gravity of the sample and 

also the volume is automatically being measured by the densimeter. Then, the reading is being 

displayed and all the steps are repeated with other samples. The average value then is being 

calculated.  

 

 
Figure 3.17: Electronic Densimeter 
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3.7.4 Macrostructure Analysis 

 

 The objective of macrostructure analysis on the composite sample is to study the 

behaviour inside of the microstructure of the PLF/(SH/GLY) composite. There are a few 

elements that can be made from this analysis such as surface morphology of the material that 

includes crack, porosity and the voids of the material. 

 

 In order to run the microstructure analysis, the Dino Lite Digital Microscope is used as 

the device to determine the behaviour inside of the composite material. Figure 3.18 below 

shows the Dino Lite Digital Microscope. 

 

 
Figure 3.18: Dino Lite Digital Microscope 

 

 

There are a few steps that need to be taken before the analysis can be started. The first 

step is the digital microscope need to be connected with the computer. Next, the sample that 

wanted to be analyzed is being put under the lens of the microscope. Then the images of the 

sample can be controlled by adjusting the magnification of the lens. Therefore, the analysis 

can be finished with the systematic capture by the computer and all the steps are repeated for 

the other compositions. 
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CHAPTER 4 

 

 

 

DATA AND RESULTS 

 

 

 

This chapter shows all the experimental data and results for all the mechanical testings 

that have been conducted through all the composite samples. The all four mechanical testing 

involved are tensile test (ASTM D 3039/D 3039 M-00), hardness test, density test and also 

microstructure analysis.  

 

 

4.1 TENSILE TEST 

 

 The tensile test is used to determine the mechanical properties or behaviour of the 

composite sample that has been subjected under the form of loading. Therefore, the Universal 

Testing Machine Instron 8872 is used in order to do the test operation. The standard test 

method that has been used is based on Tensile Properties of Polymer of Composite Material 

(ASTM D 3039/D 3039 M-00) and it has been run with constant speed (2mm/minute). The 

samples used consist of the composition of 50PLF/50(SH/GLY), 60PLF/40(SH/GLY), 

70PLF/30(SH/GLY) and also one sample of 70SH/30GLY, and then the data collected are 

shown in graph of tensile stress (MPa) versus fibre loading (%). 
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4.1.1 PLF(SH/GLY) and SH/GLY Tensile Test Result 

 

 

Figure 4.1 shows the graph of tensile stress (MPa) versus composition (%). The data of 

all samples are shown in Figure 4.1 with the composition of 50PLF/50(SH/GLY), 

60PLF/40(SH/GLY), and 70PLF/30(SH/GLY). Based on the graph obtained, it shows the 

overall increasing value from 50PLF/50SH to 70PLF/SH but it also shows a slightly decreases 

in tensile stress value at 60PLF/40(SH/GLY) composition. For the matrix material 

composition which is 70SH/30GLY, it shows the lowest value because of the properties of the 

material which is elastic and does not require much load and easy to break the sample. 

 

 

 

Figure 4.1: Tensile Stress (MPa) versus PLF Loading (%) 

 

 

 All the data that includes tensile stress (σ), Young Modulus (E) and strain (ε) for the 

composition 50PLF/50(SH/GLY), 60PLF/40(SH/GLY), and 70PLF/30(SH/GLY) have been 

calculated as shown in Table 4.1 respectively. According to the Table 4.1, the lowest value of 
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Young Modulus between reinforcement and matrix composite is 0.37 which at the 

composition of 60PLF/40(SH/GLY) while the highest value is 1.06 at the composition of 

70PLF/30(SH/GLY). Besides, the matrix composition 70SH/30GLY shows the value of 0.02 

for the Young Modulus.  

 

Table 4.1: Tensile test data 

No PLF Loading 

(%) 

Tensile stress, σ 

(MPa) 

Young Modulus, E  

(GPa) 

Strain, ε (%) 

1 50.0 12.295 1.02 0.012 

2 60.0 10.468 0.37 0.028 

3 70.0 27.686 1.06 0.026 

4 70SH/30GLY 0.718 0.02 0.033 

 

 

4.2 HARDNESS TEST 

 

 For this section, the hardness of the composite sample is measured on the composition 

of reinforcement and matrix of the material. The Analgue Shore Scale type-D is used in order 

to test the hardness each of the PLF/(SH/GLY) and 70SH/30GLY samples. The repeated 

measurement is taken and the average value of the hardness is calculated.  

 

 

4.2.1 PLF/(SH/GLY) and SH/GLY Hardness Test Result 

 

 All the data have been collected and being analyzed. Thus, the graph of hardness 

versus composition is being constructed for all the compositions as shown in Figure 4.2. 

Besides, Table 4.2 shows the tabulation of data to show that all the data have been obtained 

during the test.  
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Figure 4.2: Hardness (Shore-D) versus PLF Loading (%) 

 

 

Table 4.2: Hardness test data 

PLF Loading 

(%) 

Hardness (Shore-D) Average 

50.0 51.0 52.0 50.0 51.0 

60.0 50.0 56.0 58.0 54.7 

70.0 57.0 55.0 53.0 55.0 

70SH/30GLY 33.0 33.0 31.0 32.3 

 

 

Based on the Table 4.2, the hardness test results show that the composition of 

PLF/(SH/GLY) composite material is increasing from 50PLF/50(SH/GLY) to 

70PLF/30(SH/GLY). In overall in the Figure 4.2, there are increases in graph pattern which is 

directly proportional with the increasing of PLF to the samples. The matrix material of 

70SH/30GLY shows the lower value of hardness due to its elastic properties of the material.   
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4.3 DENSITY TEST 

 

The Electronic Densimeter is used in order to conduct the testing and the reading is 

recorded in Table 4.3 below. Therefore, the graph of density of the samples versus 

composition is constructed as shown in Figure 4.3 below.  

 

4.3.1 PLF/(SH/GLY) and SH/GLY Density Test Result 

 

 

Figure 4.3: Density (g/cm3) versus PLF Loading (%) 

 

 

Table 4.3: Data of density test 

PLF Loading 

(%) 

Density (g/cm3) Average 

50.0 1.330 1.300 1.298 1.309 

60.0 1.380 1.260 1.310 1.317 

70.0 1.304 1.351 1.342 1.332 

70SH/30GLY 0.659 0.863 0.887 0.803 
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 Based on the Figure 4.3, the graph shows an increasing pattern from 

50PLF/50(SH/GLY) until 70PLF/30(SH/GLY). The highest value of density is shown at 

70PLF/30(SH/GLY) composition with the value of 1.332 g/cm3. Therefore, it can be 

summarized as the increasing the composition of PLF is making the value of density getting 

higher. Thus, the value of density of 70SH/30GLY remains lowest with the value of 0.803 

g/cm3. 

 

 

4.4 MACROSTRUCTURE ANALYSIS 

 

 In this section, macrostructure analysis is being conducted in order to view the 

macrostructure of each sample. The results shown are the structure of the surface morphology 

of the sample if there have any attendance of void, crack, and impurities based on its 

composition. Table 4.4 below shows the view of data for the macrostructure analysis. 

 

 

4.4.1 PLF/(SH/GLY) Result 

 

Table 4.4: Macrostructure analysis view 

Composition Macrostructure View 

200mm magnification 150mm magnification 

50PLF/50(SH/GLY) 
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60PLF/40(SH/GLY) 

  
70PLF/30(SH/GLY) 

  
 

 

 

Based on the all data in the Table 4.4, the behaviour of PLF and SH/GLY can be 

observed clearly by using Dino Lite Digital Microscope. The behaviour between these two 

materials seems to be accumulated among the PLF with the higher composition percentage of 

the SH/GLY. The figure also shows some SH/GLY is spotted to accumulate at the certain spot 

only. Thus, this kind of analysis may be affecting the result on the mechanical properties like 

tensile test. 
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CHAPTER 5 

 

 

 

DISCUSSION AND ANALYSIS 

 

 

 

 In this chapter, all the results obtained from all the mechanical testing to the samples is 

shown and discussed. The behaviour and properties of the PLF and SH which determined 

from tensile test (ASTM D 3039/D 3039 M-00), hardness test, density measurement and 

macrostructure analysis also being analyzed. 

 

 

5.1 PARAMETER FINDINGS 

 

 For the parameter findings, it is all about finding the parameters composition of SH 

with the bonding agent of glycerol, (GLY). For this finding, the trial and error method is used 

in order to find the best composition of SH/GLY. Therefore, in order to find the appropriate 

parameter for the matrix, it is obviously a crucial step as it is the main matrix component 

before the sample of the best composition can be done for the best matrix composition. 

 

 By the way, the results of SH/GLY obtained from this part are not accurate as the 

reasons can be done in a various ways. The matrix content, heating time for compress the 

materials and size of the mould can be the problems or reasons why this kind of study seems 

could not to be achieved. The temperature of 165oC is chosen for compressing the material. 

The best composition for matrix material is observed based on its higher strength, non-

agglumerate surface and flexible. Table 5.1 shows the result obtained from this experiment. 
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Table 5.1: Parameters findings of SH/GLY 

Sample Composition Temperature 

(oC) 

Pressure 

(tonnue) 

Preheat 

Time 

(mins) 

Compress 

Time 

(mins) 

Sample 

1 85SH/15GLY 165 0 10 10 

 
2 80SH/20GLY 165 0 10 10 

 
3 75SH/25GLY 165 200 10 20 

 
4 70SH/30GLY 165 200 15 20 

 
5 65SH/35GLY 165 200 15 20 

 
 

 

 The temperature is set to be 165oC because of the melting temperature for the starch to 

be form with the glycerol which contains high amylose content inside its properties. 

Therefore, the higher temperature will give harm for the starch to be melted and it also can 

affect the other result of mechanical testing.  
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 Based on the Table 5.1, it also shows the increasing of time for pre-heat and compress 

gives greater result for the matrix sample. The best composition sample among the rest is 

70SH/30GLY for have the requirement of most smooth surface, non agglomerate, more high 

strength and flexible. This is because of longer time taken for the materials form to be heated; 

it will affect more content of the matrix composition. For this case, the phenomenon of heat 

transfer is need to be considered. The heat being transferred from the hotpress machine to the 

mould requires sufficient of time to form thermal equilibrium. Otherwise, the result obtained 

for the sample composition is unsuccessful. 

 

 

5.2 EFFECT OF PLF COMPOSITION AND PLF LOADING ON TENSILE  

 

 The tensile properties of the composites material are shown in the previous Table 4.1. 

The results show based on the composition from 50PLF/50(SH/GLY), 60PLF/40(SH/GLY) 

and 70PLF/30(SH/GLY). The results obtained finding different composition with a different 

size of particulate matrix is providing a different result significantly. 

 

 Figure 5.1 shows the result of comparison for all the samples involved in the tensile 

testing. The highest value is 27.686 MPa at composition 70PLF/30(SH/GLY) while the lowest 

value is 10.468 MPa at the composition 60PLF/40(SH/GLY). Meanwhile, the composition of 

50PLF/50(SH/GLY) shows high value compared to 60PLF/40(SH/GLY) which is 12.295. 

However, generally it can be summarized that the tensile stress are gradually increased as the 

composition of the PLF content is increased. 

 

 The tensile stress is higher at 70% of PLF loading as compared to the other two fibre 

loadings, which is the highest value of 27.686 MPa. This is because more fibre loading or 

content enhances the strength of the composites. Hence, the function of matrix is to transfer 

the forces to the fibres. If the fibre loading increased, it can withstand higher forces as 

compared to lower fibre contents. 
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Figure 5.1: Tensile Stress (MPa) versus composition (%)  

 

 

 Beside that, the composition of matrix in the composite material is being analyzed 

whether it could affect the result on the mechanical properties or not. The content of matrix 

should be in finest condition in order to give higher value in the mechanical properties of the 

sample. The matrix has the ability to hold the fibre content firmly as it is used to react and 

melt very well as it being pressed during compression process (Ayu Natasya Kasim et al., 

2015).  

 

 Besides, the orientation of fibre is should be in the transverse or vertical direction in 

order to get better results. Figure 5.2 below shows the view of the position of PLF along with 

the content of matrix for the composition 70PLF/30(SH/GLY) which is to hold the fibre firmly 

in order to get better result. Thus, it will make the mechanical properties went stronger. 

 

0 

5 

10 

15 

20 

25 

30 

50PLF/50(SH/GLY) 60PLF/40(SH/GLY) 70PLF/30(SH/GLY) 

Te
n

si
le

 S
tr

e
ss

 a
t 

Y
ie

ld
 L

o
ad

 (
M

P
a)

 

Composition (%) 

Tensile Stress at Yield Load (MPa) versus 
Composition (%) 



 
 

49 
 

 
Figure 5.2: Macrostructure view of 70% fibre loading 

 

  

5.3 EFFECT OF PLF COMPOSITION AND PLF LOADING ON HARDNESS 

 

 Figure 5.3 below shows the results of hardness (Shore-D) with the various percentages 

of compositions of PLF and SH/GLY content composites material. The results in the Figure 

5.3 shows that the hardness value is increase with the increment of the fibre loading from 50% 

to 70% and particulate size of the matrix material for all the samples composition. The average 

value is taken in order to get more accurate results. 

 

 

 
Figure 5.3: Hardness (Shore-D) versus composition (%) 
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Based on the graph, the highest value of hardness is 55.0 at the composition of 

70PLF/30(SH/GLY) while the lowest value is 51.0 at composition 50PLF/50(SH/GLY). Since 

the reinforcement material is in the random discontinuous orientation, it makes an uneven 

dispersion of matrix. In addition, the higher value of matrix content will makes it harder for 

the PLF to mix well with the SH/GLY content. Therefore, it makes the sample with the larger 

content of PLF the highest value of hardness compared to the lower amount of PLF 

composition for the composite material. 

 

For composition 60PLF/40(SH/GLY). It shows a very small difference of hardness 

with the value of 54.7 compared to the 70% fibre loading with the value of 55.0. For fibre 

loading, it can be seen obviously that, the highest content of fibre loading which is 70% has 

shown the highest value of Shore-D hardness. Besides, the results may be due to the unsmooth 

surface or the matrix and the fibre are not properly mixed during the compression process and 

make the matrix does not melt properly. Hence, the sample cannot withstand the wear 

resistance of the composites. This is the reason why the experimental to be repeated for a 

several times in order to get better results. 

 

 

5.4 EFFECT OF PLF COMPOSITION AND PLF LOADING ON DENSITY 

 

 For the density measurement, all the data are collected and being tabulated based on 

their composition for all the samples. The compositions are 50PLF/50(SH/GLY), 

60PLF/40(SH/GLY) and 70PLF/30(SH/GLY). Figure 5.4 shows the graph of the density with 

the comparison between all the compositions involved. Overall result for the composites 

materials do not show much a large distinct. 
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Figure 5.4: Density (g/cm3) versus composition 

 

 

Based on the Figure 5.4, the lowest density value is in 50PLF/50(SH/GLY) with the 

value of 1.309g/cm3 while the highest value is in 70PLF/30(SH/GLY) with 1.332g/cm3. 

However, the increment between 50% fibre loading to the 70% fibre loading showing small 

difference density value between them. Therefore, it shows that the increasing in fibre loading 

will increase the density measurement of the samples. The increasing of fibre loading is 

directly proportional to the value of density measurement. 

 

For this case, the highest density is found at the composition 70PLF/30(SH/GLY) 

because of the ability of the starch to fully melt as it is in less composition. This make the 

SH/GLY is fully covered with the presence of PLF, and hence make it less water absorption 

through the samples (Selamat et al., 2016). Therefore, it can be concluded that the content of 

fibre and the loading of fibre can affect the density of the composites materials. In order to get 

accurate results, the measurement is repeated with three different specimens for each samples 

and the average data is recorded. 
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5.5 MACROSTRUCTURE ANALYSIS 

 

 The macrostructure analysis for all the composition based on the percentage of fibre 

loading and also the matrix materials is being tabulated as shown in Table 5.2. There are a few 

elements which is surface morphology that can be considered in this analysis such as PLF 

content, SH content, voids and impurities. 

 

Table 5.2: Macrostructure Analysis 

Composition Macrostructure View 

50PLF/50(SH/GLY) 

 

60PLF/40(SH/GLY) 
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70PLF/30(SH/GLY) 

 

 

 

                    =              = PLF mix well with SH/GLY 

  

                  =                = SH/GLY accumulates at certain point only 

 

                                    = void 

 

                                    = impurities 

              

 

Based on Table 5.2 above, the samples with higher composition of SH/GLY tend to 

have more voids compared to the sample which has less content of SH/GLY. This is because 

from the higher level of matrix make the material hardly to be mix properly with PLF and the 

percentage of SH/GLY to be accumulated at the certain point on the sample is high. Therefore, 

the result shows that the 70PLF/30(SH/GLY) composition previews a greater surface of 

composite materials with no voids at all. 

 

Besides, the surface of the 50% and 60% fibre loading seems to be agglomerate at the 

certain part. This is because the PLF do not have a good interfacial reaction when the SH is 

decreases. Therefore, this could affect the mechanical properties of the sample especially for 

tensile testing result. 
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5.6 COMPARISON EFFECT OF PLF COMPOSITION AND PLF LOADING ON 

DENSITY AND HARDNESS 

 

 

Figure 5.5: Comparison graph between density and hardness  

 

 Figure 5.5 shows the comparison of graph between density test and hardness test of all 

PLF/(SH/GLY) samples. The highest values for both testings are at the composition of 

70PLF/30(SH/GLY) where the values are 1.332 g/cm3 and 55.0 respectively. At the 

70PLF/30(SH/GLY) composition, the interaction between PLF and SH/GLY shows that the 

content of the PLF is more than SH/GLY that leads to the uneven dispersion of SH/GLY 

towards the PLF content. Besides, more content of PLF will produce less water absorption 

through the samples. Therefore, the more fibre loading will give high value of hardness and 

density. 

 

 The lowest values for both testing are at 50PLF/50SH composition with the values of 

1.309 g/cm3 and 51.0 respectively. The addition of SH with bonding agent GLY makes the 

matrix material hardness value is at 32.3 as shown in Figure 4.2 previously. This is proving 
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that the hardness properties of the matrix material are lower. Therefore, that is possible reason 

why the formation of fibre with high matrix content as shown in Figure 5.5 gives a lower 

result as shown at 50PLF/50(SH/GLY) and 60PLF/40(SH/GLY) compositions compared to 

70PLF/30(SH/GLY). The more increase PLF content is giving higher values for both density 

and hardness value and surely it can affect the mechanical properties of the samples. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

6.1 CONCLUSION 

This project is about studying on the green composites which have many advantages 

for many applications especially in automotive industry in order to make an interior part of 

automobile. This research also exposed on how to produce natural composites which is from 

the combination of natural fibre and natural polymer. Therefore, in this study the pineapple 

leaf fibre is used as the reinforcement material while starch with the addition of glycerol as 

bonding agent, is used as the matrix material. 

Based on the result and discussions, the matrix or binder preparation for this project 

has been determined. The presence of GLY has shows its effect towards the SH content in 

order to determine their mechanical properties with the PLF loading. The tensile, hardness and 

density test show that the sample increases value at the composition of 70PLF/30(SH/GLY) 

which means that the more fibre loading will give more impact towards the mechanical 

properties of the samples. From the results obtained in this research, the mechanical properties 

have showed that these biodegradable materials are useful in the production of composite 

material. 

The preliminary study which is the matrix preparation that is to find the best 

composition with the trial and error method has been determined even though the result 
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obtained is not too accurate. From the result obtained, the mechanical properties of the matrix 

material has prove the glycerol properties as plasticizers that could react with starch properties 

in order to affect the mechanical properties of the PLF. 

Besides, the ability of the matrix to be mixed properly and easier to be melt in the 

fabrication process with the fibre is need to be considered. Thus, this also gives a crucial hint 

that the matrix could give a good potential in producing a higher performance of the 

composite material of PLF/SH. Therefore, based on overall on these findings, it can be 

concluded that the fibre loading will affect the mechanical properties of the composites 

material. 

6.2 RECOMMENDATIONS 

There are a few recommendations that can be suggested for further research in this 

study. The recommendations are intended in order to improve the mechanical properties of 

PLF/SH composite. The recommendations are listed as below: 

1. Fibre length

The PLF can be included in one of the finest fibre that can be used. Therefore in this 

project, the long fibre is used as the reinforcement in order to determine its mechanical 

properties. However, it is quite hard to obtain a proper length in order to put inside the 

mould for compression process. In addition, the orientation of PLF also could be one 

of the factors that can affect the mechanical properties of the PLF loading. Therefore, a 

suggestion has been made as the short length with specific 3mm, 4mm and 5mm to be 

used in order to determine the mechanial properties of composite sample. 

2. Compositions of materials

Since this research only used three compositions which are 50PLF/50SH, 60PLF/40SH 
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and 70PLF/30SH, there has a suggestion to add more type of compositions like 

40PLF/60SH and 30PLF/70SH in order to find its mechanical properties. This is 

because this time with the matrix of SH content which is higher than fibre, it could 

give a wide range of result, observation, assumption and analysis that can be made. 

3. Cutting samples

Sometimes when handling the cutting process to the sample by using the proxxon table 

saw, the rotating saw blade that cut the sample can leads the PLF compressed turns 

into hairy, and thus can make the PLF stuck and fall inside the hole between rotating 

saw blade and the possibly can cause injured. The suggestion besides the usage of 

proxxon table saw is by using cutter or scissors in order to cut the sample for ASTM 

standard.  
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APPENDIX 

Tensile Test on one sample of 50PLF/50SH 

Tensile Test on one sample of 60PLF/40SH 
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Tensile Test on sample of 70PLF/30SH 

Tensile Test on one sample of 70SH/30GLY 
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IF THEY NOT IN 
SATISFACTORY 

CONDITION 

6 CONDUCT 
MECHANICAL 

TESTING 

7 REPORT 
WRITING AND 
PREPARE FOR 

PSM 2 SEMINAR 



68 

d llJ& Desigllatiun: D 3039{0 30l9l!ll - oo•1 

~ 
.wrcJl~L 

Slandard lest Method for 
Tensile Properties o~ Pol1ymer Matrix COOilposite· Materrals1 

TI. -.&n1-. m...5 ... 1&c c...d ~ Cllll! ').~JIU9.'4. im a.me immdakl) r, .. u. ~ u..:J..a""' 
..... a r aiJ ~ rr • k CU: af ~ tm ' .,.,. .,( lal ........... /o. ":umc ID ~ mClcW:I Liao ycm- Ji,.. 
:ra:prtrn I A ~"'?'"'\• (•I~ m mb..w . r - U. In.....,... 1a ~·~· · 

n. .. ......_,.~ ...... ~ f':.r ..... ,,., ~a/ 6V .o.rp.rm..:i ef Dttfm-. 

1. S[Op! 

1.1 This 1B m.edloli! ~ rite m-phmi! tensile prop­
erti.:._; or po..'lyrn& 1r .. ~:tri& cmmpcr:Ue imterim :raill:!inced trv 
ibi:~"lns :fibeE. Th.'i! [jOOJ:PO'iite marerw fam:G i!!e LEmii!lil 
10 tOOtmuooi :li"!Jer or tt&omiauoU5 fiber-ru!!.fon:l!d am.Ip<IS-

00 m wbicb the ::a..n:.m.i1~ :i5 ba!inr_ed mil svmmeo:ic. 'iii.ch 
re.-p:!Cit oo the. c:sc mre.:non. .. 

I .:! The 'iil..'lues stared in eitber '5I mUt5 oI i.m:h~d uni.IE. 
are to itle reguded .>epmrel.I .as ~d \\'!lf:rin rite te;:;t_ me 
icm-pc:nmd 11Ili.t; m ::lmWI!. icL bradkm The '1."'"i\W s.-mted m 
ea.ch. s:rsfEm iU"e oo~ e1'2d equi.~; tl!mfure, ath SJ5tem 
ir.115t ~ ·J.S.ed il:uieper..dml;· of 1::lu! o'lher. Con:.hiIWJ.g \'llhlc 
from the. mil sy.itEill:;.; may re::."11.."I in oocr.an.fcmmm~ v.ti.11!. Eh.e 
.>t?lldlld 

1.3 Thf:i lranilurd dfll~ M l puipwt. .r~ arll1tis all qf ~ 
:.tffe~· omrm.l!, d r11'lJ!. az4'd:r:"7 M?Jh rt> Zrl. k is ~ivlr 
'MsplNJ!ftii~t:r of W. rmu fJ,f rMs :.'i:mirmi to ~ssa!itfrh ~uro­
pri&:ttJ .•4f"0' ar.ti 'if«llflr pr~tic~s a1lli ~m' fhq appf.ca­
!Jii 'izy q/ rugrifrll&ry riltfimticn:; pri CT to U:.-"· 

1 .. R.e:ferenud Doaiments 

l.1 ASIM S!1JTr:dtmir: 
D 79'2 Tust )..mho:fs :foo D~ amt Sp2tifu. Grn~t)· ~­

d.'i~ Dm>f'ty) of~ n~· D~a:i:n.tl 
D 833 remi.m:,to~· Rilaciag ro :ir~· 
D 25i4 la M.er:OOli :Dr ! gnitiOJ!. ii.Ali> (If Ourl!il Realfon:l!til 

iG..esir;; r 

D 2134 Ta MEt:lJod. fol \\:lid Coor.em a: iREl.fomd i?!& 
rics, 

D 31 n TuE!I .frt.:etlxlicE. for Col?SLtui?llt Co:nteitt i0 f Cm?Jf0..:.­
E1ea Mmmk' 

D 38 7S. Tl!mlioo~06Y for Cocupos:ir-! :Mtt:erials4 

D 51"2~.-D 512PM Test Merholi for Moistur~ .AbSOI]1d.o:n 

• nn. l.:.d. as.le lnl: n( A.in.. Cnm=&x '.1111 .... 
C1DIJ""d: ~ ...!I n IJ:.. • m:J ~L:J' al !i:,hxnnr.lM Dlll .l).o -

- _,.. i..ru-i. Ta. Mi:::bam. 
c..nm ..Si..o ""'".al ,lgU 10, ::i:u:. ~ Jd, ;:.::ro c,..~ 

fU>tilal a n ..W) - 11T Lat p.mu. .mi.a. fl lW'J - •& 
• A.-.:zl &..!: '!f AEflL~~. '&I CHI l 
•,i-.'&11 ,'fa.:.!: tj"AST).~ .~Jld. Val !l'l .Jh 
1 Ann.'Ali ,'I'm!: ef .f.m~ .~J:<:ll. Val 15 Ot-

Pmpert:ll!; mlil upili.mium C'.ocutit!;ooing of Pt>}ymer )tla.­
tm:; C<ml}Xls:ite M.:!.wilJ.;;' 

E 4 l?raai.c.es for fOJCe "ikriftu.tion a:: fe.;tio,g ~~ 

E 6 THllDlolo!!:l· R.e1Jii:ire [0 ~ of MedwtiLal. Tl!Y-
• Ji i...;.. -

lilg 
E S3 .Prartite for \"erifu:llrion and ~Jifi.a.ti.cm of El;ten-

5Cm!!tm' 
E Ill Tot:Me1b.od.:furY01.CJg'!i :ltt~. 'Iml.;gJ!Il.tMOOll.hi.;, 
mi Ch.or:il Mod::Jl:i;:' 

E 11.l i?raai.ce for C'M:t1! of Sample s~ tc iEsrimllle a 
M:ih"""JI'I! of Qtmli.17 far a Lat or Proa!s:!' 

E 131 Test ~d. for Poli.son"; Ratio iU Room k!H!!il.-
~s • 

E I T1 i?raaic.e fur Ux of 1h!! Te:r.n:is ~ 111!.d fl~ m 
ASThI Ti:-..it Me1bodi" 

E 251 Tes1 Me-tf111d.:; fnc P'l!I:fonu.m:: Clraract:rist!G of 
M&allir Boo:ided. R.e;i;.limce Strain G~!:.=-

E- 4 56 Tmn!JJ.oloID" R.ela.dcg to G:J!l.ity mi.d Stlti:."lfilfj 
E 69! ~aicl!! for C.anduaing .m ImerlaOOI!tmy '3rulf)· oo 
~ tbi! Pm:lii.GJl o:: a 'D:-..if MmctS 

E I 01 J Pr.u:tfi:e foc \~on of Spe:in:'2ll A fi §llrnerit 
Und~ Tl!lliile: Loa.diri!=-

E l..B 7 Glud'!! :fur In;.1:a.llin..:! BOllds.i. hsi:.itmC e '>trun 
Ga.:,"J!~ ~ 

J Ium:inologr 

:u ~tfam-Teml!Jl.OIDID' D J&J& di!fices rums rellu::ine 
"ID! m~~m!Xfu:.'Js fl~ mi ch.efr COiq>Oii.'2:._ 'Iem:iool:ig 
D SIU .o.m.e.:, rums ru!.ting ro pla:.1ics. TemaioJo~· E 6 
de:fu:.c 1.eml.5. rehtillg ro :o:~i!l c~ring, 'F:o...m::irJo!c!g 
E. 4 56 am!. :?Jattice !E 177 i:Efine t:mns ri:-~ to sra.rutir:s. In 
1he evem of a coofiid bera'eeo imns. Tm:lioo;ogy D lB7B 
.ibll. iba\7e ~l!denoe O\'& !:Ju! «W 5tll:nltm:k 

]_l Df(ftriltic~ af' I4nn:. Sjf£tfk ta Iifk Stl1r.ii.vd: 
NOTE- If the re:im :represem; a ~kaJ qwnti.ty, it; 

z.nal.ytital dimeweoC!i ,m meed ilr:n:.~rel.y fol~ rhe 
tEilll (oc iett!I' .;.~'ll:"ool) in .ffu::u!11meml ~on ifmm. 'i1Siag 
1lhe fo!lov.rillg .A51M stm.iMd syn:.bolo~· for fimdim:.::m:a.1. 

I .wn:J b-1 ref ;fC1IJ ~ \UJ ~I) 
• ~&a.I ~,I.mt .~ \'ill , ... ~l 

~It! 1..7111 ~ 'iil:: - Dliwl PO Ollll ,,_ ~ pt;~ UrtA:I 2D;o 

Teknikal Malaysia Melaka 
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d!ll:.~ 5hD1\in wiltric ;.qu:zie oiilCke'l5: ~ fur m.ass, [!] 
ftlli l!I!.gth. [7] ftlf mi:.:. [0 ] far thmn.od)~c ren:.~. 
and [~ fur .ll.mldimemiooal qu;umtiei u~ o:! tbe;e SjD1bok 
is rutriote.d co ml;rticill ~ wbm I.lied \\ith .square: 
bn.:E~ as t:h2 5J1IlOOLS: ilI'..iY have ccba' dmtions whm U&e:I. 
without the tirades. 

3.1.J m;w.111:itzf !LW, ~ 'l.'Wc, e:wtiD,g iD nmll! cml~·. 

ili~ oo .a im!.--.irabl.2 :i::mJICil:Y fo:r ~ p.!q:(l;e of ~ooxe:­
n!:m .0.'=:ir~'li<lll. Te.l!l::Jlll.(e5 m.11')" b:! ~;i:tlim tel il JI.Omin!I. 
va.'1e tCl iElb!e :m a«Epmble ~ fur the p~. 

3.21 UQN.fti:m ri'fl-'n. .l?-il mam re;;iOll of a ~s.-stram 
or sm.io-om:ic cmi;e wer wbicfJ ai signffia.m ~I! ia the 
:i!op:! cf the> run'l! DCalI5 1\<ifh:in. a 5Illl!l.l s:lraill nmgJ!. 

3.JJ uarui!M.172 rturm, err.-. ...... [ruJ], lf-£he .:.train ViLu.e. nt 
the cud rmge of !:he ~-1?00 ra,gicm betiiti!ell t:h2 t"io 
es~~· l!n.em" pornow o:: ii. roililleilr stre5:2-5trilm ar stram­
st:rai!l Cill!\i'e. 

313J D.trnrsi1m--MmJ ~- composite m.llI:!riili 
:ibol!i 1!55eI!I:il!Il}" bif:irP?.u 't:Etmillf dnril!.g . Oi'ldirl g.. ..su:::h 3:i 5el!Il. 

iD pJac; of !Cirlle£ :io0:11irudmal stios ~ ~ stram. 
or CI'!I!S\'mc 5ttiDJ. 'L'mus long Lan.gi.mdiml ma.in. Dim ill!! 
\!il!)'iog ph;·~cal rai;om for llb.e t!Xlitencl! oD" il IIill!Smion 
l'eg!NC.. Cammo:n. esamp.:c..s inc...'ude: mml'I; CI?I~ u::uter 
~ewfle :loading an4. ply de!.urID31icJ.IL. 

.U 5}7nl1ois: 
lJ.l ~ cross-sed:iooW lleJI o: a CO"JPOI!.. 

l J .2 .B .. -percenI iben.dill.g for a 'J!liam! Cf1UJ10IL of .ra:um­
gular ::nm; .;erti.on arum J' a.ti; of llb.~ s:i:~ {a.boot the 
nmow dirl!rti.on). 

lJ 3 B'=---perceat l:en.diDg for JI un:i.!&:ial. rnupoo of ream­
,gul.u cross >ection ilbolll. i:; iW; of tt:e :pcdmen (a'OOur th: mdl!: 
diridiall). 

13 4 CJL..(o:>...ffi.ci.ent of \1i'lri!tion surtEtic. of a illllple 
pCl.Jfulation mr ai gi:i:m property (in p:nem). 

3 J 5 E--mod!.Jlu;; of elas1iricy in tbE tE:.il: direciti.on.. 
1J.6 F"'-ulrimarl! im5.!le ~ ill ch.e ce~ imctioo.. 
JJ '7 f' ~riraa.t2 Steilst:JeJgthm1he tt!;,1 i!.:iraction. 
lJ.'.8 ~cr.1p11c :tfrirknes.:; 
B.9 ~~ g.1.§1! Lai¢. 
lJ.10 l .lll!ll--mm=xrmn raqnfred bnoded t.ib lEig[lL 
3JJ1 rr--om:n.b& of tOiJPOD.i ~ sample pcplima.. 
J.J.L .. p:...._Jo.?.i cmr:ld by test COUJIOII. 
3J B P- loo.d1cmied by te.1 coupoa at fiu"hm!. 
1JJ 4 r=--mmmu.:n :Odd anil!d ~ ID1 ::oopo:n. bl!foce: 

faf.'ilre.. 
lJJj s,. m~ lfamio:n 5tu:i.stfc of a sample: popu­

latian for .:11 gi.i.'l!I!: Jm..Di!If)'. 
JJ.16 "rf."--t:ropDCI. 'Wid.tlL 
B J .r,-test resiO fDI ilD. :il!.dhti.dmtl ::wpci.u fmm the 

Sil.lllple pop:tlati.m fCJr ~ ~ prope:Itf. 
3JJS f- :n:.-:J.ll« !l.i:.nige (~ofmem) of a 5mip!.e 

~opulilrioo. :fi>r a gi1'CD. Jimpa'ty. 
J.J.19 ~ti:-.. nsfona] dl..-placemmt 
3J 2CI ~ SJ1I!.bol for mam.. whctb!r nm:maJ. 5tra:I!. 

or ~ straiJJ. 

33.23 -PGisS'.OI!.0

.i rn:io. 

of. Su:m.DW}' af Test Mffhod! 
-U A lhic fillt strip of a:wl!cia! hlr\iiog ii coo....-um rectmgwar 

cr<r~ !ieCltiaa is moucted .in the .glip:. of a mthimi.cal cc~ 
~ ,ma_ IOOCl<itol!.ir:!lly oadl!lil in teIEiGn Mli!e rec:ordi.qg 
loo.d Tu u:ltimat:! stt• of IM lllllieJW GUL be der~ 
from !:he muimlll?l :load cmi.ed befurE ~e.. If chE CClU?OJI. 

mm :E o:.m:iromd 'Wi.1h stLlln. .;ir di.5!ll!r...en:.-=m itramd:J.cm 1b:m 
'lh.e m5i-5tr.!£n n!:p~ of Ehe material. it:m. be deten:rUned, 
from wbid! ti:.:! ·i!l.tilt.!11! tensile ~ c!IISl.:2 mod!du5 of 
rl!la;tidty. Poisson's :ra.t!O, il!ld ttms:.lioo .iaa.i!I w be~-

~. Sipifu:ance md llit 
).1 This te..'1 method ii desi§J!Si to· pmduc.e ~ Jlro]JE!fY 

di.Ira fur D l!lial :pecmwio:n.s, reEEC.b. ~ dciw-e.:oplml!l, 
qaili.'ly i15SUraDIE. md saurnra! i!.:ii.,gn. md amly:ili. Faiao:r.s 
~1' :i!Ul.:El!.ce t:h2 ilI!n.iili response i?lKi! ~ th:J~re be• 
repolli!dl ii.rdOOe ch.e fullDwing: mil.[l!I:ia.!, m&h.ods .of ll2tmll 
~1icm mil ~- :petimEJ ~ '.ie!!.ilfl!.Ce., ~ 
~ti.cm. ~ecm:.~ au:id .. rtmoio,g. at'l.iiroll!IIElt of 1:51in.g, 
.;pecim.m Aligrm:.~ ;md grippfng, speed of ~. time a.1' 
ilm:Ipa].1ll!e,. 'l.roid amtmt, il.C.:i \'O:mte p:!Keltt rmiim:mem. 
~-i. m ~ ~"t direction., M:ii.c.b .ll:1!Y be obtrinl!lil from 
ith.li ru.; .cm-thod inr.huie ch.e follG'iliiDg: 

:U .l UltimllI! ~ .itraDg1h, 
:i.12 ll1~12 ten;ile .itDini. 
:i .13 Tumile i:bord mDdl.Lu5 of~~-. 
5 .1. ~ Poi.:i:.on.. l nt:iD. i?ll.d 
5.1..5 I!am:iiion ma:n... 

15.1 Matmt21 llQd Sp«i:rM.'J ~aroR~l}-°PfJOJ n:atsral 
:f.Uiriati.cm pradkei, kd of r.on.tml o: :fil?Er Cp.mecl, mi 
dimlilge in.dllced by ilI:.proper co:ipan: ~ m lkOOiiU 
Gl"il>-eS of high m.llII!IiilJ da!i'I 5Cilrter ill. c.omp::i55Us. 

62 Cilll!l}.lmg- A l!.:ighpmmage: of ¢p-imi:lll:l!lil faLilre!i, 
e:;peciallj" wh.ai. i:car.b!n.erl wEtb l!.:igh mi!I~ -0.ar:i sca..'ti!r, i.;; m 
in.diCllDI of ~ ,gri:ppin.g ]Irob~. ';pedn:=n ~pmg 
m~ods. m i!i;russ!!d! :illr:thcr iD 7.1. 4' g .1 ilillf n j_ 

15.3 S,p°!am .:IJ~'711"~hre heo~ ie.ill (i'!Uii! !11£~· 
Ir:.!1lrre :fu.!b.n, a.:; 'ili!!ll ili h.ighl.J ii:u!rrur.u~ n::od:L'11.s of 
~ti.city d!tem::m.!1icm.1Every eifoa s.hould be mde to elimi­
n.ace acess bending :trom &:! mi: .i)-Stem. Bendiog ·may DC.Cir 

au a 1!!5Wt of ari5iilign.ed grip3 o:r .from ;pec:imen.i ~\"!!: lif 
:in:Jpropaly insta]ed tn du! gd.]>5 or om-of-to2i!Illl!U cinlilMI. by 
pocr ~ !llfEtm.liooO. If 1fEre n an:i· liwbt as; lo the­
.ill~~ .il!l:!.sstt .in a giralitert ll::!.d:iioe, 'lfED. 'lb:! il1iQDm;:r.t 
sl!.aulDI tit! c.hed:edl il5 dlio.E:ed! ill 7 .~ .5. 

15.~ .E~ ~ m ~ PJy l~inlT1£-PrEm!.1ll:re hi...'"ilre 
am!. Lower Jti.fnl!.iie:; m roserred !'11 ,i!! r:ESJ'.:1 o: edge softE!!lng 
m kn:.in.ara; r.OILCJ.ioiog of....i."ili p::ie;. k.a.'iE':! of tl!Js. i:he· 
.ilre1!§1h amf D:.iidJ...~ ttlf ~pl)· lllm!.!we,;. CllD be drastlc:it'y 
m-:lm;tilt.!rali... Far qLW.i-{;otro:ir,. l!II:.imte5 conairli.D,g ~f!­
niirull OF plili, tfu! effecr is not as ; r5 dii ciDJ 1. 

l.3.2 1 e-mdici!r:d. n.mmal. 51raili. from mm 1ransduti!r l!r 7 .• \ppE1hls 

eu~~ © U . 'ti "I': kn"kal M I ~ ~ •Mr I ka·W!- A ~:ll!r il'ith 1 4- ~D S-al!ll. [O.M-· 
JJ.2l IJ'-!l.Ql][2] streSi. 

mvers1 
1e 1 B l!_Y~•I!_ ~I!~ diz!:n.el:er cm-:i.blE-l\ill i.1tteJfa:e ~ i!Ji:> 
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:ised. to !ll.eil5Ure £he. rhid~s of thf: ~_I\ :micmm=ter 
with 11 fun amiil in.1m?ice shaJ !be used ro ~ ~ 1;i;irl:th of 
'lb:! sperimm. Th.eo ill:omicy ~me mstnm:ims .ihJ.II. be su5mbT:e 
Mli r:eruiicg 10 MtbiD 1 a; of tlli! 5!lCll~~ wicm m::1 tbici:ne5~. 

For IY¢al .;pecimm geometries, al!. fustrumau with m ilCCU­
uqr of ~J-5 µm [:tlUJOOJ :in.] i.s adeqi:w: fur lhicb.e:>s 
~~rllE.. wb.il~ ii!! ~ !iliirh m acruracv of -~5 
!fill. [:!:0..001 in.] ii n~te fuI· "PtOOl'h~ib""ilmm!Il.t 

7J T12rrbtg li!reltin~l'h2 ~ I!lllldlim!: ~ be i:ni 
amftu::cm1oce !ilii!h Pra.ctioc E 4 iIDd .iltill .s:::.ti....--fy tlli! foI!O'lliiDE 
~~: -

7J. l T~ Madli1ilf H"mis"-Ih.e te.;'line: ~ sb1n 
b.lve OOth o!ll. ~.eot!illy statiOIIM\" heiili! iilllf ~ n:.wUI?- he!l:i. 

7.l.2 Dm-a !{Q(~Til: ~tio;g !l'.1£.b:icl! dr.i.\'e mi!Clm­
illiim ihill be ::;apabl.e cif ~ to chi! lD.lmb:2 h~ a 
au::.:trol:.;,:i velocity wi:th ~ oo r.be .im'licm.!JY b2.!..i The 
vfklcit)· o!! 1h~ mo\lil'ble- b.a1rl iliJJ. ~ cllpall:~ oli' beicg 
re,gulated i1S ~ iD 113. 

7 J3 L.aiki lnficatrrr-Ibe test:in.e ma~ lDi!1li-5!!mLnl!; 
da'.ice sha1 ~ upa~i! of mdicllriD! thf: cot.!l loa:i be:iog 
ctmied by ch.e test lperimm 'This d!'O°ire sh!! be e.;?-C!tiiAL1? 
free fmm mcma b,g .11 ch.e ~ :rate of 1~ and s1WJ. 
mdnte lfle iood Viii1h an ;irnmqr m"CT rhe- load ran.;;e(;) of 
id~ of m1fiiD .:: 1 ~~ of che illrliw.?d. \'i!llue. The lDi!lil 
ruige(s) of !nr.:res c n:.!.Y be .fuirJy . fi' fur IUlldu. 'lu!i rt!Ui1. 'uarion. 
IC:°J.Cb rug!E fur ~::r:r]i l!'i.'.!11.E.t!o a. [![ b«h, ili :ra:riliied. 

N:7n; l~piciID:::i £.:00 &bi (!~.II !:.Mp :=op of~ :i:l 
dJia w:.111 ~ ra:.b. lLl uhtiic bo1h 111.l.a.;;:ir. mDd.:i.:.Si ic.::I nlm::ll!:• km mo 
kin! i!mur·i'Hld phui m:-..c:,(I ~ c.11 th» ku.d ccC. md. ill. 
c~"'b:r.ri a:i. fer 'liCOJQ. ~ 11 sp;ciL 12iibm!:1111Jlif D;, ~ 
Far~ C'.O""'Afnittim; cl" ::mbllW zed h!il oill. ~ Emci;.;:.:i 
i:lllM ;.:r-..c:illC: a i bodi !iiWtf.: :!llCdiilm :!Ildi 'DhimD ~-'5 ~- :!l!t Mi 
~ mi Dllm":::-.c:atl! llf .c:aihil::J. lllJd ~ Clj" !ai.-a ID blCi 
~m~a>mmq11~~-dc;£J~:ar~·w. 

.lA Grip.=- Fxh. h2:id! of~ 1esling mac:hlne sha:ll t.aIIJ 
oCE ~ for ho.!~ 1b= test 5Jll!d.n:.~ ;o that rheo liirartiDn of 
loo.d itpplli:d to the :;necill::n li c.o:irxidem Virftb 1h2 lD~ 
Wi of rhi!! :pe~. IM grip~ EblJ appl~· ~ liuml. 
!lre:;,,"'1.ll'~ to prwml iliHiage berwes:i tbe &ri.P Eac:e il!ld the 
001.IpOIL If tll'bs ilI'i! il.5ed. che grips .5ibaal..f be lMig F.!JOOgD 'lh!t 
'lb:!y o-.~ th:!~·~ ~an. of tlli! mb by ~Jro~ 
lCI to 15 lll!ll. [0.5 :ic.]. It a.~) di!:.fillbli! ta u.se ~ tbat .ue 
mta.100m1';r seif-abgi:ri.qg 10 minirr-iN' bending ~; in ree 
coi.:g:ian. 

Nm; ~ -..:~f.mu ~ ;!!Tl li,;!IJ;· Ym'"'.md, ~r 
~-= [2~ ~in.].~ ~ fu;::d :wi;.D..::mr, bi~ :i:i 
~a.--tix:n Ri r.mm b;l c:lG:i md: ~ ~ •i1£l21timio ~­
~ ~~ h:iJmrr. m u:.'3liboa. 1c:~;. 3Jm.:cll ~ 
'~i hz;;, ~ usa:! ~~·.mJ.l:T >;;;i!:h ~kr :m~ eri? i:r ll:I 
IOCSJ}" cla-.h ~ ar bCJlh. • · • 

1 J5 Sy.rim AI~~r ~·si:em. ili,_m:n:::nt Cilll ~ i1 
II:.ljor col!ID'bw:oc to ~ W..~. m elb-OC pmpart)· datl 
5Ci1I1Er. OJ bo.ili. PI?lc:tfoe E 11m di!;aib.::; ~e l!'nl"'uaricn:. 
gJJll?.J!nes md! ci=;cribes poti!J!tia.! so:m:e:; of ~ljj!Jignment 
during Cl!I!.5i.:!! tb"tin.,g, In il.l!k'lffioa to Prmire E 1012, the 
~ of ben.dil!g m 21 ~ 3)'.>tsm Cil!J .!lso be ~ahi.ltl!d 
"JSio! rhi!! folA'iliag ~..!.Terl JIIOOadi.:rre. Specil:rll.m bmding i:; 
CO!IS!d.ered 5_epuate.i) !n 11 .6.L 

7~..5J A ~;rµlar i!1ig;rrrei""1 c.cr.1p0Q. prefi:..nblv s:imili!r 
m s.ize imd mffnesa m rhi!! test ~~-=n of iD~-t. Lj 

in..sttmnmlelf wi'lfl Ji rn jnimlJl!!I. of 1hr"'2 l~ stH:n 
g11ge.;. o.€ similar vype, two oo fue fro::it fa.ce a.cTIJss fulO! Mdfh 
lllli ™on tlE biltk race of 1h!! _;p:rimf!Tl ~ s!::inwn io Fig. t 
Any d!ffm.:!Cii! ia. il:.di.u.U!li. strain b:m·~ tb!Ee g:1ge:; dmfo~ 
loo..Jing prm;idi!S iii ml!il::mt! of the 1ilmlfr'.m.t of bending in me 
1bidme;; p1.ilre (B.l i!Dli Vttidtb plm~ (B~) of th~ cmqxm. The 
stta.iJl. g;?lg'2! mti.m !ih:mLfd. e:oomaJhi· be _ocat!d, in. the m:.ddJe 
o:: ith~ c:oop.;n. ~I! 'il2dioa (iif mD.ilu:ru-s de~ is i1 

am.cem), !llm" a ,grip (cf p..-eJJlil.tU!e .¢? filluru ,ue a problmlJ, 
or al!. y rim: bimtioo of 1h-oe m a;. 

7.15.3 \\i"'hmrmL:lWil:Jg .~"tem ali~ i1 C:i il.dvtiableco 
]lE!lfmm the i&ligmr;:nl: 1ched: 'li1illl!. lfu! 5aIC! c.oupoo [nscmd !n 
ed. o( the four [pl>.iSJble in.s'lll!lariou pemnrmtiom: (dest:ribed 
!l!"Jatit'E! to the iDi:tiil. .pO'iirion)_ a:.."tilll (top-from :fu.dng o'b­
,;m-er). ro12.1ed bark 10 :from Oil.r) (mp batk f&rin:g 00:.om'!I). 
rol2.1l!:i m.f fur enD. onl:r (OOttom fron.1 f&m~ obsm"eI). iL!ld 
0012.11!:1. b«h fmDt H> 00.d .md en:i ID en.d (OOIIOOJ. 00.di fa~ 
o]).X!IV'er). The5!! fol.:!!" daui 5ets :inmti.dl! an indication of 
\\the11!.er the b=<n."ing is due to tbl! OJ!"Eiel!l. itielf or to colenn.ce 
in 1te ali.~;?Dt d!!tk coupon OJ g;?l~. 

7.l5.3 The. zero sliilfn ]»in.r may be tlkm eillha" More 
~~g or .after gii]Jpin.~ The stmn. ropo!lie o!i. th! U§Illll.&1t 

OOU.:J>OD. is sub~lUllOiEocerl ~the rn.mgprocm, 
:th~ ti=-.JlSil.e load:ing !JIIDO"..is:. 01 bai:h.. Eq 1-3 me Ehese i:ndicill:d 
.ilRin..i ro calrul!te the ratio of 1tE pE!fCeDlllge of~ 5tril!:n 
m_ a;1rera,.;e eNtensianal smiD fm- e>ld!. bemi.in.g plm:e of che 
.ill~~ coopol!i am!! lb.I! rottl JEtl!m ben.diD,g, Brua1. PlotriDg 
perr:mt 'beIHii!tg ~a":ill3 axial nvmge stra.iI!. is: useful in 
ill!.:lm:tm..iing trnid:. in. fu: iba:.dil!g beh.wio.r 'Of Ehe: !ijStfm. 

15.4 :?rob.l!I::E mtb Wlllffi during gnppicg wo-J..lld. be­
~n 10 ~.e lbifildi.ng 5tra!ns ~ the pipp~ pl'OCl!S.i 
m dE loc:a.tt<ia neJU" me grip. Coorm o~ m.'.ldubs &ra SCMlu 
ViD"iJld °be !1!11.00I!. to ~11! 1Jen~ .ilia.in:; iJ'i.'a" "th?.! modlJb.E 
a<allll!tion lo.00 ~ fm the ty¢c:.al. twEdnca- l.OCJJtiDn. 
E&ces;Nc f.tl.1are:: JU!:ilI" rheo g;tip; lliool.d be r~ oo E~\\lw.te 
iben.dillg ma:ns 11.i!M lb.I! ,¢]!- at high loa~ le:-.~ While the 

s 
r:::; 
l 

w/ 8 
(T'l'P JPq 

f ront 5"<:!111 

s 
(. 

'I 

Ra.1 lbge L~~Dl1'. rm !l'rilBmAllgrune~ Cti&n'k C.Oupa111 
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ill2ir>!n::am ndvliable ilIILOilDt of :>J3Cem misiiligDI!!li!!ll is :imte­
m.J mil JocAti.CJ.1!. depenrlEnt ~ t.!s.til!g ;practice is gem!11tl."ly' 
ab:2 to tm:W l=c€rcenl: ~TO ii ~e of 3 TO 5 % ill moCHWl:e 
'.>min~ c::.1000 ~- A~rtioli\iing au.:sm~ bl!l!dtog 
for rhe ~..n i!J:oJ!lli:at:ioo s-1m!il.d l>= :re2\°lj!b"11!dl ar modi:li.~ 

ilihe£e.: 
B, 

.!! = ""- - "1 < LOO . ,_ (1) 

= pmm ~ a'OOtl.1 sy.;te.ml. Ji i1Xii 
(about the nam:ra• p me). ac; ~1:edl ib~· 
iEq: , • =~; 

= pm:mt bau!.io,g ii.boat ~ : !Ni:: 
(about 1b2 wWE! p ;me). :'15 cal.cJJJared b~· 
Ecr l, =·~ : 

e,. i:,. aJIJ i:.;1 = fu:dkrued .oa~ .maim disp]ay.ed 
or Ga~ 1. J:. il!li 1. respear...·ecy·. of Fig. 
!.~md 

~.wr = Oe.1 + e:.J>:! + ~)'·2. 
The wttl be:DJ.iliqg, cmcyonm1 is.: 

~ = 18', lf:I, (3) 

7 J .Suam-11fliirntil\g Din ra---.:Loo..d-;craia &Ill. if raq_"Jired, 
shill be dl!lli!mlln.Erl bif" m.eil!U of Bt1u:r a stia:in mm.ilf<.ir er ar mi. 

eNtellSOllll!te:r. Attar~ o:: the ,;cra:iD...ini."'Gting device to the 
COUJJOD. 5haJl illDl Cil.JJ.ie d.uJ:a~ CO idJ?- _;peeim&i ~C:£!. If 
Ptl~50a:·,; ra.t!a is rn be :ieremm:ie:i,, the ,;pecim&J 5lll!I. be 
!imOlumml.e:d 00 m.eA5IJI'l! si:mn. i:JJ. lbo'lh Ai~ il!li btml 
dtredoom IT th.1'! modu.hJ.; o'f elastrirv is co be: Ii~ the 
lo:ngit.Jdiml .i1rain .slmul.d lbe sUi:....ii.'lim.eO'uslJo" ~ cm 
OPJIOS~1e f4ca of 'lhe ~'211. to all(JW fllf .i c:~ &; a. 
re.-ult of my beru:tin._g of tth~ ~ (see 11.6 for furthe: 
~ui.d!.n.c.e). 

?_3.1 .Bomf1 .Ro..-i.'1.mu-4 Szatn Ga,~ Sit~.rMli'J-~tram 

IID'lge ~on u 11 C:•Olllp.IOOl!Se ba..>ed on the 1)-p: of n:J,11!Ii.ll 
Anacm:e pge ~ of!S mm [1ll5 lir...] IS 'CK.OOCI:.~ed foe 
1IOOst ~als- .-lkti.\•e gage lengths should oot be less: tlum 3 
mm {C.1~5 inV G::ige ca'.lb:ra:l!oc certiftcaticm shill co~ 
wttb T5t ~ E 251. 'il.ihm t.!~tilu!; •;n\'l!ll. f.tbric. !ami.­
illill.~. glle-i! seleai.o.n. Etimld rn.11SidEr the-115£! of ilCI active ~ilge 
length t:Mr is a.t ~~ ac; grait il3. the dll."1de:risttr ~ing un:.:t 
of fu-e ~11:e.. Some g-1-(je)re; an ~ 1lii! of stni:n. §age cm 
composire.; fo!low. A ~e:ra.J. ire:ferenre mi. rh2 .rubj:d is Iutlle 
iilild Brin;an. I 

73 _U S1Jif:ltc:e ~;milfoo of :li:ber-mnfD£Cerl cooiposire.:; 
m a.c.cordlure i;i.irh Pn!Jtk:e E 123 J cz.n. pert:!tru::! m.e m?.m 
ill!'a1eml ilml! a-ase damage to thi! r&nfcaciqg m.bm. re.;u1tin.g m 
improper CO:ipm!. iMlun!s. hinfmr::ing fibe!s sJ:!oU!d! :nnt be 
~se.i. • dm.a;g:e:d dnm.g the 311.IW..e ~l!: prooess.. 

1 
/4 "° ~ ...:.J. hno: • 15-n K Dl!r t!11U li:::qjl\. ~jc>.0 ,..,..i.c:la:', • 

ainU1 MIWlq' or J..,. Of~ md .... ~ =........-J -..W- R 
lls:maJ CltlC&itm. 

• Tia.:1t. t.1 F. ...i 11..-......._ Fl F., ~r ... 1 ~ni:;.aaea .. ~ • 
,'\ffliml.., C....pms-"..~· F.apm.-.1 .\tn:.l..;a 'l>I 14, .,.._ I l!ioro:a 
1 ~ f'P 5'-ii.S, "'1Dla r....i "! ~ 16., N°D 1, J..,,.- I')~, pp l!HS:I 

The strC1 gage ~ shou'.!DI be c.acsu:;ted ri=o~ 
SUJfxe p:repan1rion g.iide.J.o:::s il.l!.d Il!toomtei:!:ied lbon.diD,g 
a~t=. far c.OJqJOSae: pee~ th! E"t!k:Jpn:::n:t of il 3£!t of 
.italu!.ud :pn.ai.c:E:s fnr stri1£n g::ige msmllilri.oll. snrfu.ce preyara­
rum o:: fJ~-!'einforced c.~po•il.e tll11rel'iiili>. 

7 .U .:! Consi.da:a.'tOOa. mooL:i be ~·m 10 tile sa~ of 
,g!gc> having ~ .res:istaoc:e.;. to .red:Ke tB?.tmg effem an 
Jow-cOJHi.ilrtmt}· Cllil.t-=ria1i_ R.2~.mmc.es of J ji) n IH Jtig!!Er are. 
!JR[~:l Adrlltion!ll c:ansi.dEralfoo .ihcruldl be gnre!l ~o the u;e 

ro:!: th! m:nilI!am. pos~"l!-.1! gag:!! ~ti.cm 'l.'OltJ.~ consist.mt 
't\Ti.fu the 02.;~ ar:a.:iracy (1 'D 2 Vi; ~deli) to Cl!d:ute 
:furtlli!I: th! po'il·a- COct:.<m:.-:.<1. by 1he ,gl!ge. mriag 0: 1:2 
cau.pon 07 tl:ie g.!gi! maJ ~ che: ~of ch.e. ~1EJial 
diledl.~: or c.t mey ,affea rte imfSrated strnm ,as, a ri::,;u,Jt of il 
~ bem-em rlD:: ~ temp&llture c:OII::p?U >ation fAcwr 
and th:! c~ o[ 'tl!anllJ. ~,ion of m C«>ilpOl!l n:.;a.te­
mf. 

7 J .l.l Consi.~Cl ofsOCl!e' fuml. of~....ra.tuie co.mpen­
satiDll is recommended, ~-e.o wb:n te:.""tin.~ at stmIIMd labora­
~my atn:.~ 'JEmpCil!tl.m! cooipi!llS.1.tfuc is raquired wh=n 
ilE.stiilg m illDllml'tr.:l!l!.E te.mpa:atllri! mviro.:nmeat!i. 

.3-1.4 Consi~'tOOc .:Jmul.d b:! g;ii.7en kt the mm;~~ 
.iE!tiiti vi ty Q f ilh~ ,;e..':de.d Etraic i?!'.ge. Theo i c:a.ic gil~I! Cll.ilDll.­

fudu.rer sbml!dl be c:cmiilie:i for raoo~o.ns oc mim­
'l'l!r:.e ~r coCI'l!diOll!l il!li Effi!as ll1J c.ompo~. This; Ii 

~y ~far a ~""V'aSC!Ly lI:.\l1llil:.ed §i'lge ~ oo 
d2tentiI!.e Paissuni!I mo. as disoossed m 'NG'IE 11. 

73.1 Extimsoism!t-Fo'r cn.osc ~.>15,, tlle emm;on:.~ 
~ge 'ell¢! ~Ii.~ ED. lt.e rz.ngie of 10 oo SO n:m [O.S to 1.ill 
ml Tul:eruon:.~:er:; shi!1l s;a.ti:ify, 11t .a rric:rimum, PR.dice E SJ. 
Cla;.i B-1 raq~ ~Dr the 5lira:in. Llll@=! ofiml!ruli a:n..f shi1.TI. 
ibe atlibra1ed 01r& ~ straEn range in ac:mrd.mce with 1J>racti.ce­
E g;; F OI extreme!. y sti!f Clll1Eli.a1;_ or :m !ll.l!ilSUrB!llT of 
mm....ve:r.;e s;i:ra:iru:. tth~ fi";.l!:i! !!!!Or a!Jo11;e:i. by C'.:>!.is B-1 
~tee lllilli be si.!!ll.iflr.an.1. m wbitb CA51: Clm A 
e'>:l:~EG ~JID-.il.d be co!t.ilderP:i. Th:! ~ll!S2!" shill be. 
;,:;;~ free of iD!!I1511 Ia? a.r th@ 5J)(!dfied. ~Ii. of te:mng, 
.mil. th! we;i,gtfi o:ftm ~moo.Id mt~~ 
5tJ:a.in..i gre!I er dm!. i:ho;:e 11.Ilowed m liJ. 

Xcn J--li: t.. ga:miillj· Lwi. if5::n.lt 1D pa:fil:::!ll ;-:r.mt c~ aii 

U:llllM"'F'Jln. m~ ~ lIC#i :LS, mm1' ~ :i!I ~ u, 
~~o:{t!m ~~ ilw.Di. 

.4 Co~~ Ch.!Ymbir-U'h.m am.1.i.tionin.g CllllEli.ali 
&1 oorua.boratory en\riro.rur.~s., <i tell:Jlfiil£U1e.'\1.apom:1~ve!­
am.1Iolh:d en.vironn::'2Ilttl oonrijtinnjng ~ ii; required ilba.t 
.ill.ill tie capan~ o:: m ujnt-!ining tlu! req_-aire.t ~tnre ro 
'Ptti.thii!. z. YC [ ±5=F] i!IJrll 'lfl!! n!:rlliied. reJ am l!llptlr !ep;e,] oo 
v.ti.th:in ":!: l ~,.... Chi:lmber c:oa.r:L·1foo..:; shill be moo.: to.red e:ith!r' on 
an~ coc:Ilinoous biJsis or CJ.I!. a, mililllAI. basis: J..T re.:auliJ.r 
m.~ 

7.5 .Em·iTrmr.o~J ltlrJ l'11t!'.'1°"'1'-J!m ~lll. t6t 
diamller is required for ca 611.'1rol!!lleDts 1>1h.er furul. il.lllb:i&!t 
ila-.""'ti.ng labornOf}-cOlld:it:it>m.. TbD cf:llm:ilier .;twl be i:;;:ipabl.e of 
mtin.tililing tl:ie gJiy sernoo of till! ts ;pecilI:;=n. ru th@ 

required test 1?ll\Wl!!lll!!II: durin£; 'the ~ test 
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S. Sampl:illg ud Ten Spit<imem 
S.l Stmrprbrg-Th:t i1I L~i: m--e opec:i!::nms. per 1E;t condi­

ooa ~s: vtld re;ult:; can be gai!Ed cl:.~ tte use of farer 
.ip:dmm; . .mdl. ilS in 1te ~ oE' i'I ~...ri~ed eJ.qli!IilI:-ent. Foc 
.>21liciaill)· 3!goffiaint dMai, lb! proceifurc; o~ m Praai.c.e: 
E 1J2 5ba'Jl.d be c.onsu:~. R.epo!!t 1te ~1h.odl c: ~lin._g, 

l~ 4-H ~ l!l'll ID mdmp !£.cir~ c.i:rai~ to 
;qpihlE:.::::n .z:Jd. m cf mm il!i?I' !l!:' ~ ~ '!ba.1Ri:.,..;;!J..c tbz.::p Df 
d» .autm:W. C3!DX It;;~·~.~· ;nl~t!ui ~ tcalf 
(RIC u ll r.Jl:hd......mra.i ~. ihm~malhmr:iin.w~~r 
du ;amr, i:.:c=J thidmi~• md ~ m.;. (Cut 1litbam m:.~) I) 
dm:miDlli Um. Dql!-~ hu bmn ~ mr lb; ~ t:q 
cmdi=jcm;d 

S_ fuio!ll'mJ,'-~ of :n:..."'(b-nical ~;1 Coopcm..i. espe­
cial)· 1h.ose lli~ eDlf r:&b'i. r~ to & large ~~ m m 
ra1W thao il .;a:nca ltlth co irJfwny r~ c:::i boo· co 
a.pproacfl the eogfneerin;: of the EJ:iPJl!ll.6 i.ntem.ce. Ea.di Cllil:or 
~r:nposie IESCn.f ~oora:toxy Jui d:\up:d ~ m_;ott:iod5 
for the .ip:.cific. material. sy;1Em5 i!llri. er.W'o~ :::OO!DIOI!ly 
enLroalmd within b moontory. Compamon of th.Si! m&h­
od3 :hov;5 chem ro differ iii&!~·. Cilll.kiog iJ ~Y di.Ec1Lt 
10 rKoDmlill.d 111 unn•milly ·JS&:U itpJrO:ld!. or sa1 .oo ~ 
proo.dl.es. B'ea"il.5.e of chl:. d.iffi..rult}1, d!!:fin.ition of the ymr.~tty 
of Ille: [e§[ C:IJJlXlll i5 brrikm CMlil!. auo che fulJtmicg chre.e 
l!-'i.'els., ra·hlch. aN d.liai.s.ie:i. fuJ11h.a ic ~cfl appmpri!.1E 3!rnoa.: 

21 Cl&· ~ .... . 
~ e,..:.! R-=rn'111li:.li.llL'n 

.u~ o.t-d~ 

S.1.l Gmeai ~rr;:;:. 

··" .t, o.· .... 

S.1 .1.l Sir¥ . Dfmgrr;i~ and To!nt:11cE-Th.e comp.el!!. 
lm of ~~ fur ~ .>lr.J>E!. d::mmions, ac:.d 
toler.m::es u sb.av.-a in Thb le i . 

S.:! .1 1 (~" of Ta~.:-T.:?.t:> ~ r...oc ~ Ttc by fu.ctl!r 
in the ~ectoo of~ tolernoce:i mi gripp~ lll.etbod5 l5 

1tE ;uccessful mtmd'lld:ion of Load ielo the raeciD:.~ wi ~ 
Jim'elllion of ~ fa.il.ml! ~ a res:tlr -o: a. : gw5.ca.at 
d!mm.timl!1y. Ttaefure:.. dsEmlir.e the need co us.e r:a.lr.., ilmf 
~rion 1of the ms.jor a"o oli5ign Jlil!i1!Il&&S.. by 11:,e :mdJ 

~-· - t*••:im" 

&.I. ... ai .. 1 ... l• .Soa!! 
libe C1•nliiiJllllt ltl.l~1111a •I '1191!11? 
Mle 15'*-a •• fwm!oa!! 
I& b• • li!aiillr&r1 ~ : ; !I Uct.11-

"'la 
I& bo-. .iv• 5 la.(.:;'' l lUi& .... 

!.?.. ol.-;> II[ ""'""t la:I ;aflr<$rmt f .. b.J.-J N,Jh,;J i:l.lnor,;j'lj L._._1 

reillh: a::::::ep'!!ble bim en.ode imd ~adOJL If &Kceplilbleo 
:fa.:il"Jre !llOO.es oc.runmb. uaMID..!ble :fraqu~"J'. d!P.n l:l!m! i.; C111 

reaiOD. to dw!ge :i. gi\"m@ippil!.gi:ietbod (>E£: IUO) 
Sl.1 Sp«f.c: !Ucommmi!i:JtrrJm: 
S.J, ! fJidlJI, fhif'kna!!, a1lli .l4~Se1ea: the sp~ 

\\ti.dth imrl dJi.:to:.....is oo proI::H>Ce :fiultm! m the ~ge sectioa imd 
as;;m tta1 tbe .;p:.cimm conr.rim a sufEci.eot n.LIIllba" -of fibers 
ii:. tbi! cro.>s s.ecticm to be s.'ti!IE1ic.aJJ.)• n!pn!Sent1m:e of rthe bulk 
n::a:ll!CW. The sprun:.om ~'=1h .>oould ~) be .rubs.1lm1Blly 
longer 1bm die: m'ii:rrnrn requ.ircmen.1 co m'nhri7J!: bcn.diog 
.it:I~ cllllied b)· minor ¢ :?' ec.cermc:iries. Ki:JI ~ ~_ge 
.>ection i15 fu :mm me grip; .u IU5AJl!.:.b1y po~tb.~ .!I1d pro1rili 
.i signific.urt mHJUl!l of. Cill1EriaJ Ulld!r s.tre:,; il.lld 1b:!'efure. 
}llOOllcE! i'I t!llKe. stat:i...Li.ally s.goi&am re;ul?. Th= m· rnm!"D 
requ:iremmE. fur~ Ci!E!go .:llowz:. ii: Table l are by 
i!l:~hs msJ.ffi.ci&.1 to ::mr~ a Jlroper;y din;:nsicmed mi 
mlma:.·J:d C.cr.lpO!l dfim'irig, Therefore, IK~-=ndinlo!lS Oii. 

f1th£!r impmU.m di.m.eriiloru ue pro\id:.d for ~]!Di mtmal. 
c-="lm.ii.on.s m Table 2. These g'20mlt:ri.ei l?a.\12 ~ fu'im.i. 
b]- a. ll!IIllb:r of ~ l3baralari,:._; 10 ~ il.CTEptil.ble 
fa.frm moli.es on a Wl:ie 'V'ilri-:ty of U11JfEBl ;yitemi, IJur w.e of 
th~ doe: not gi.m;mt!f S'J.CC5.i fur l'?VfIJ" ~ OC fJ.tire 
:n::?.1Ei±ll sy;.1ml.. 

&.2 .. L Gripping.UrQ <Jff T.Wr- Tb:Je .?.re !112ll.~· :imti:ml 
oon.ii,gi.mi.'ti.mu, such as. !U:.'lll:lidiredionil Lm.irulm:, ral:rftr~b;i;.ad 
~1Elllk. or !illiian:l~· runt.arced ih'2!i:t-1?1old.in.g ccm:ipcnllllfs, 
\\"h:irh. om be SJ[i;e:;,,-fu!h· te:."ted 't!lidl.cr.u tabs.. Rows'el'. rab; 
u~ strongly ra:olmm!l!.Ceil. Mim te:itin.g m::idireaioni1J Cllll!!!l:i­
&ls (ar :.1rongly mlirl.irntion3L'y damu:m:ed ~tes) to O!L1n 
ii:. fu~ Ober ibKl!:oo. Th.~ u:.a.y ilio be raquired wbm ca;~ 
:miliimtiM13l lr..!lmtls in the rnmix d.::ri!ctroa to pia1er.t 
gtippmg ~gl!. 

S.2 1 J I(!/) G«i1tt4'~'-Re.:~ onimportml di.­
:u:.~ are pro•ided for 'HJIG..! n:a1eml coofi~1!lll.5 tn 
Table 1 !lhe;e dmi?rsiom ha\~ besJ found b\· i1 m:n:.ber of 
te;ting labararncte.: to :iror.im:c iJCO!plilble fiuluie mOO.e5 oo il 
v.ti.d!:! -ru:i.l!ty of ma.emu i)'Sll!Cli, bu1 u;e of chem does nor 
gu?Ii!JJI9:! m:::::e;,; for e\'CIY ~lillg or fu1ure material. .;yrtml 
The 2!~Cll!. o: a. 13b c.OJl%-arati0ll. dlJ1! an !i:lCO!S.ifuL) 
]D'duce a. ~ sectroc ti!l!Sf!e fMlure is ~J>!!!.dml ·;ipoa fue. 
COUJIOll. llDlt&al. cropoa ply oriaita.ti.ODl.. .:.nDI cite !:)Joe of e;rip5 
being med. Ubm pre;sui:-e-oper.md. Dllrm·eri.9 grip.> m 1ilsed. 
\\1i1h Cil.re'. squueci-o:ff 90' tlCs fuve l:Jeeo 'J:.ed .ioccP...iSfilly. 
Vledge:-opsami. grip~ lm'c beec useli :u::os.1 Sll.C.C.5:fi.JL)' nith 
t'lb.i bin.in;; Low be\~ ~ (7 to l Cr/ .md a Ee~ .;mootb. 
ttmii.ti.an ™ lbc coupon. ftlf alignmem ilJUJJlO~ li is: 
e.;s.~ ~1 che tab:. be -of n:.J.trh~ thtlc.ess. 

S.1..2.4 Frict:tm I!r.X- Ta.b; :na!:i. mt ali.'Jf.i be bond:d oo 
the :n:J.~io!.l tmda- te;t to be ef!Cti\"e in l!ltro~e; 11!.e load 
illio 11:.e sp?<irn;rn Friction ra.bi, 255~· oo~ tabs 
hcl.d. in plat: e by the prc;>.Jra of 1h e EriJi, iJ.Dd ofteo il.9:d aim 
eJI:"-:IY doth I)! .ilm:: otlll!r lliebc iJblib"""We betinm che cab am 
it.~ C.rupo!J. me been m;::ces-sfiJ)· I.lied m scme 'JIPlic.aticms. 
In ~c. Glis., ligbtfy ;e:mted waigc ~ps; (.ie! AOC!! 2) m1'!' 

ibem .mcce.;s:fail'f '!1¥.!d with ool)· i!ml!I)' dotl!. il.5 ihe mtemra 
ibetv.'!m fue ~ .md th= COl.tpOll. Ho'i\·:ver, tlu! alrn;i\•e use.'!. 

© Universlti Teknikal Malaysia Melaka 



73 

.4filtt o aoasm 3-03-sM - oo·' 
TABL.£ !: ~1i. a~n O.OllWtrf ~lld.tlonG'" , .. - 0..1111 t.-llA. 

Q- M!l~j 1"111kl 
lrillt:"9dbi.1 Jlf,~ "°I"~ llO' l.o•o.41-...i "' ' _._. .. .., .,.....,,.. '91 11 "9 MOr1:1.q _........., .......... '11(1~ 250f1ACI 

tr.1ISI be able to \\ithsraod ..Sgnificaorcomprusi\-e load>. Some 
t)pes of ~· doth hau bfftl flJ.Uld indecm:e m thi> 
-a.pplicarion betm;e of di>iln~!Llrion of th.e abnm-e." 

S.1.25 I a!f ,\hwrial-~ most tons.is!em:) used bonded 
tab mi1erial Ms beet: co&i!:ruous ~ fiber--relnfotced 
pol}ll:.~ maai;<; materials (WO\'!O or UllW0\1!.ll} fn a {0/90]os 
tammate col!D,..~tiOI!.. The tab material is commooly applied 
a1 45~ to the loading: directoo 10 pro\i & a soft iriierlace. Other 
coc.figura.lfom diat hat~ reyonedly been ;u:-ce>sf\lily used 
bii\'e Enccnpora.1ed steel tabs Of tabi tnZI& of me ;ame !ll!lierial 
4$ i> OOr.ig te.'ted. 

S.2.2.6 Bondtxi Tab ~Wit.en ~ bon.dtd t.tbs. & 
tfn:a.te the ltil!.imu:m -ru~;ted tab lmjfb for bcll!.dM tabs by 
IM folio~ simple equation_ .~ th.is equ111foo does not 
aiCCOl..?llt fut IM peaking .sttt»e> tbii1 m lmmr.Ti to u:is1 Ill the 
end; o: booded jo!m. The &lb ~.b calcul.a.1ed b)• dlii 
eqw.tion should t?Omlal.ty be increased by sotnE' f.laor to 
r!doce ~ ch:'mc.ES of joil!.1 failure: 

(<) 

-a·here: 
L = m joim1zm reouired bonded tab ?~oh. :Jill.1: 
l='" = illlfDwt 1emile sttatgth of coupon tr:.?: • ).lPa 

[J>;i]: 
h = -coopoi. thlc.koess, l!llll {in.]~ alld 
J- = u1W" shel! -s!l'~~ of a..ih.~\-e. coupon ~ 

ri.11 or tab m!.ter;a.J (vd1.!tha·er i; lol'.-est). ~!Pa 
[J>;i]. 

S.2.2.7 Bondfd 1ab.41Y.w;1'..-.~· higb-~111ioo (~) 
adl:ei!l.•e system tb11 ll:l:e$ !be en~ ~s 
miy ~ U$td \\'h.eo boc.diJlg uOs to the matmi! urcie! te'>l . • 'l 
w:ii!oim bo~ of m·) r'mirn lhicla:.es> ii desirable to reduce 
undesirable >tre>.>e> in tile as~ly. 

! .2.3 IW.ail~ £xa1r¥1,*4; - The rrinim1zm ~ for 
:Sp:(imeo design discJSSed io &.2.1 are by !be.m.seh---es imd· 
deru 10 mare a properly d!D:~onad aJlli to!eratlCed coopon 
din~ Oimensiona!ly to!~ed ~ dnr.r~> for 
botb.Ltbbed .mcl unt11bbed fonru are shown i\S e~le> in Fig. 
2 (SI) ao.i Fig. 3 (mch·pourid} The toll!Bl!!es Oil !be;e_ 
dra\\irip an &Md. but sali~· b requirm.-ent; of'Thb!e 1 fer 
all of the re<:ol!ll.!Wl.ded coofi.gu:atioru of bb~ 2. For a 
spec:iOC conDrmtion. ~ toleraDC.es on Fig. 2 aD.i Fig. 3 migh1 
be able 10 be rehMd 

SJ 5'p1u:fmf.1t ~pati1>11: 
SJ.I P{1!1.4i Fabricatfon-Cot!.ul of 6be! ali~ ii 

critical lmp'op::r fiber aligmr.-eni ril redilce th.e me:lSU!td 

,....,., r1111 U.•1111• DeT~• f1111 iowl _,., _.,, _,., - l 
iit~ ~f.-:1 ;_;g:lj ' ... .. 
.15 ,.. lt'IOJ ........ 
"15 6). 1~ .... ,,a.. 

properties.. Emtic. fiber all~ v.ill llso fncrelse ~ coef­
fidm! ofvai'.alfon. The~ p~rioo method ;hall be 
repon!d. 

832 M::dlinbtg lh!Md:-Sp:citneo pt?lXll<1tion is e:.;­

rmnely importam for thi>- -spectmen_ ¥old the specimens 
indi\idually 10 a\roid edge and cunfn; d«n or cut froo dtEm 
p1.a1e>. If Ibey are C\lf trom plates. W.e prec.au:tions 10 il\'O:d 
no1c.ho. undero.tts. roogb or urin-eo surm,e>. or delm.imtfons 
cailiP.d b-y ir:.lpj:ropria1e Qlilcb' "' "! m~illod.i. Obta.in fillll 
~n.> by W<lt~·!ubric.oued precis.ion -sari?g. lllilli:n:. or 
gindil:.~, The use of d:iamood 1ooling Im been. :o:o:d 10 be 
~-e&ai\~ fer n:any IWlterial sysi:am. Edges sho'lld 
be &t and pm!!el \\'ithln the -specffied to!eracc.es. 

83.3 La~iillg-1.abel !be coupons so mat ~, will be 
<Ii.still.et from Neb otbeJ .tD.i trateabl! bad; IO d!.e JaW tJ:.ia1emJ 
mi io a marmer tha1 \\i!I both be unaEecud by the rut arid no; 
ini!1Je.11U ~ 1esi:. 

9. CahDn.tioD 
9.l ~ acc:uncy of all n:.~<lrillg ~ shall ln\ie 

cenified ca!JO:ratiaru lh:ir m cumo1-at lbe lime of~ o: die 
equipmen. 

10. Conditiooillg 

JO.I &llJl&mi C.cMilio!lb'/I P•ou'""'-Unl.is •­
~lll:!let!.t ?; ~e:i as pan of the ex.perln:• condition 
tile 1est specimecs in 11tc.orda!u '1ilb Procedure C of Test 
?,!~ D 5229tD 5229"1 aod -s!We and 1eS'! at sW?d.ud 
l11bara1ory illlOOSJ!ber'e: (23 -::- 36C [73 '±- 5"F} mi 50 -= 10~~ 
relatiw lru.n:!dit}'). 

11. Pto<~on 
l t l Paro:Mt:m T~ Bo t~r.ifttd &/0.1• Tett 
11.l .l ne imsfoo·;.pecimen SilI!:p~ ~od. <-oopotl type 

and ~~·. al!.d conditioning 1m"elen (if nqitl!N). 
1t 12 T~ twi.~ propeni:i- and d\tl reporring fonr.at 

da;Ved. 

~ ~~ ~ =lKi:J ~fi, ;l;QZIC)', '11111 v.:. 
~ noq.::.-~ ~~~t 6::r PfC-'P«" '4oai:ia.Oti:Z~ 
.md~~~~~'°''.md~t.n'Qb 
10aidilt~-..~ n!:.1niica c(~ . .md~m 
«~~~ .. 

11.lJ ~ to\ironmemal c<Ulditionmg_ t5t paru!:!etm. 
11.1.4 Ifpafom:.M. the sarnp!iq Itetbod coopon ~m­

~. and t i!'SI paratlli!IHS used to de!ean!ne dmsity ar.:i 
re.infottematt wlw:ne. 

l l .l {hntral !Muuc.titmS: 
11.2.J Re:porl any de\iations trom ibis tiSl n:.-etbod 'il°herhu 

illte.etiocal or il!ad\-matt. 
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1 II 
[_ij I 

••~t 1 •~\\I ... , 1 Att':ll 

Atl. 2 T!!m:IOO Tad *peol ll"All Dra-llilD!il Uill 

11.lJ If .;petific:. ~il.Vizy. idE..ii.1j, ~t nil"IIlll2, oo 
void "illhmli! ilII! to be repcuri:~ "Its. obcair:i ~ .;amples .fr.Mn 
rite Smll! pan.~ bo.~ ti:-...m.ioo t~"ted ~peri:fi.t. ~vii}· mlf 
dema]i trul}' be e\~Ied 'Dr lmire.i o:: Test Meth!kE D 792 
v'"ohm:P-peru!Ot of the co!lic:itJ.ea15 may be enl:ilited by oi:r= of 
tte matri:\: ti:lgest§oo p:roci:-d:ixra:;; ofT~ M•d D 3111. or. fnf 
certam I"!i!J:filrc.emeot .1m1tenals 5ud! il5 ghs; mid cmn·ics ~ 
~ matm; bum-off' tei±m::111.Je ofT51 ~ed!Dci: 0 :15&4_ Tue·~:G!:li. 
com:&it eti_·ilatioos of Ts(M!l:liod:; D.:! 34 m a.pplM.lble to 
ibotb Te:51i ~ D 15S4 md tlu! m:i.1ri:s; digai.on J!~-

11.23 F~ faW .;p2cimeo n=gdiinme and: ilJI'.i- wcdi­
tt.:Jaio,g.. bill: befun! the cen;jon 1e~ del:em!Ee. thc ~ 
~ a; J = w -.. .&. 3.1 three places in me. 1;age .sertioD., md. 
r.~ tlu! ma as tlu! ~e oftll!3e ~ li.:tcJ::miJlati.om. to 
~ atClifllCl" in 1.L Realm ·the ~~ .a:n!ll m l.llLl~ of 
Ir.II:? r~ 71. - -

11.1 Spnd fl,/ Ristil'ig-Se:t rtE speed! of testing ta ejfect il 
near~r C:0051:l1Il! mam rllIC! m tlli! gage semaa. If stram c:<KIJrol 
is not :iVililab1e OI!t tte tE:.itin.g at11cbire du;; Dlll.)" ba appnm­
m?.ted by Ie]lei'lted ii!.~ and ildjwc:ing, ofdle .rate of loali. 
i!]lplic~JioCI tel II!rin.miJJ. il neIDJ O>llie.ru 51rain rare, ilS m.eil-

su:red by .stra:in ~ if?-3-p!lc:Be 'l.'l!rnll- tm?i!!. 1'lh.e! 5tJaiJL me: 
~ ~ 9=lea:~ so it5 oo ~ ~ 'iliiI:b..:I?: 1 r.o I 0 min. 
If tlu! ~te 5m:in of Lhei II:J.tm.tl amoot be rei1511C11Jbiy 
~""l:llmlted. i1:iD:ia! cria]s sbDlil.d be ca:n.dJ.cted ~ sl'andu"d. 
~ :un.til thl! uhimlJte .ltmn. o~ the l!liltmal and ~ 
am:iplimre of ch.e: sy:>t>:m m known. i1Dd fue 5tri1iD m: cm oe 
a.4j:utE!:i. Th: .;~ smn.dmi. .;p:eds; .ue: 

llJJ S':Tam.-Ccnuo~!efJ Ra11- A .itm!.ud .:mriI:J r.a1E of 
o.m Cil!!!!. ' · 

11 3 2 C"o~t;mt H11ad-Spffg T11.rti-A .itmdud lll!:Jli. dii­
~L!ci=-..JJ:.-:ut ratl! of 2 mm 'n::in. [ROS !D..lmiD.]. 

- - . 6--USQ af ll med bi;,;i~ ;;i-3 in flJ~ ~ s-ptiz= v.~i:l 11 

~ ~11 ~ m.-alt .in ;Ji mm i!D· th:.t a mm.h hmw tbl.c. 
rrqi.m. ~ of1nidgil gtip> cm Ql""..;,Q QxiNDll;i ~..aicol enm S:1'liic:J. 
~ ~-ai:..l ~'tz.~ ~ i!u ~ m:b ~. lldml. 
;.-:rEi mo,. lD ~D :IQ Cm,;;; lmr;m- c2::I ~m 11)· mid iip;D.hirul ~ 
~~ 

11 .4 fg;J. Ml~~t-Car.dmm! tile spedm:n. to ttP- (le.. 

.iirad moisb.m! pm:l::! ilr.d. if ]]Oi::ibl£, test W!.d!r the 5illile 

oon.di.timrill,g fhtid ~rure l!:v!L Hlm-a7~. case.:; rucb a.; 
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1 Nn:l-t<El LW,r ... roi..111 Li.f'..l'H[l.!. 111 ~ ollTT~ .u.t.1 '14 o.• llU SUD.UCT TG T•I[ ro: rn!'l!!li 
.l 4.LL l':o.l.IF ... 'lo.,.... .~,,..:;~ il\jTH DK1lU.1 TCILlRioNCU Iii rou.a1u 

1 p; ;u.~ 
• I I,., . .., 

J 'LI toNr.LFi. IW'll T!ILr.vo~o:~ e1 , r 
'4 l>lr uAIHonrl{•\I nli'k1101. I OlF"t·,u.cr nc..~Tr« r<ir., wnttft -~· 
!I rill,..,, ON ..... r1i-1uo.;~ llDl TD nan'••, l~~-(lv< ·~ ,ar(•):;,:)) P.i:"~ oMTH ll.;;,.J!. ri..i.. 1 WITll -c ... Cll 

141:2 i.IUu•l I ~ "''D"Ol>tCll l::$ I 
!5 l'.lli.tf"> T<J \,ff ··~(;9:) "(If! 'T'"i fo,of.Lo;io.-. ' ml'l iS'.-t TO~ R.M.ICllS ~lhWo"4 Oii ~It rm . .1:1 o• """"'111•· 

U 6n'""!.!J I .lo'< If> ~'t OftiFNT6TjRlt .. HHl;llCI: PntifWJ; '10 ol l Ctl~U. l t lt'M 1'1 l,Li:; t. lt. 'I\, TH LO' 1•1'tl< 
TnlCK~CU, '1!"11 lil~TIS'l l~L Tlj!, r>'IC"Vf!!-e. 1.1~ L~'"'. T•il llE•~ .Jt.<:I~ -11.11.lD>a'SJ~~ 

Ii llG ~ct+Cm~ l!'.ILJ:J.r 4J.Li:..'11t I!! f'flt .lflf.L 

•, 

.I •. RJ• a.I•~ • 
l!CIJ' .,,, lH I !C l! "'·-· 

.' M1 

., !1611 
llDW•!IL 

.., 4... 0 1 .L. 

I ---. 

I . 

~]' 

l lm1[o. 
ITT NDTt ' 

·~ ,. I 

I~· 

LQUfrjr.j .... I f><llJT 'f ll ~ 
AG. a "knclan bcl: Sp&11lmfil anwlng [tnllh-paund] 

elaaiEd tempmtlln! [Oriag of 11 n.o.oL.'1 ;peci.!nal place tm..re­
aillll::i.c. :ral!~ CD ibc c.&'llil.bUrll!S o:: COOl!JICJ:n. mmoe; 
n:...~ e'inrironmPrrtt! c:h?JI:.b~ Io sudJ. ~ ch.e n:ll!d!a!:ri.: 
cal 'il!5-t ~ mil.)" n-:ed m lie !mdifi.ed fur~~ by 
1~ il1 el!va.'!Ed. ~m. mlb no ftuid ~S!ID! am:trol, 
rbut 'il.ith a raecifted tim..1" m tmJ.i! to firib.m! .from witfu!:..T.l':il 
from tt.-.:! c.O.l!dirioJ?•m::; diamba. MDl:lliicario:J!.5 ~o du! IE5t 
l:ll.'i.'ironm.er.1 .:mu be recard-:cl. 

ii .4 .1 Store the 5lM!ci:m:n m dJ.e. a>Ctditino:id e.nviromneDt 
·Jriiil 'l!:it time, if the t~ ilr9 mvircm.Jr;~ ii d!ff.eruil tbm 
~ cco.i!tioc:rln.,g -mvinm.:rl!~ 

! 15 ~cimfrt 1Mmion--PU.ce tl!P-~ io 1he! gnps of 
~ te:."tin.g, m.11.dllr.-:., t~ Clll"e co al!.gn tlll! ic::ig ~ o:: tlu! 
~ ~:n '1iirh. cbe ra;T d::irectiDn. Tigjltt!CI the ~.;. 
IK:llE°diqg the: !!J!t!:i.il.!P-~ cm p..--e;;ure comrnJ.labl£! (bydrau.lli:. 
o:r plU!l!lt.:!tk) gri:ii;. 

NwT 1-'llMI midi. cf t::.i e:Jp j ?:n co v.~pi tS=iPi ~ b; ~ 
'G.i:lh. QC]urthir ~lJ'ri:ul in~ r.> 3'."'Di4 ~ a b;a.dW :cx:mGlll: 
.::m ni.::!7'. m ~ -fsihm; oi. l:?ii lp'Cimmi a1: ~ ~ uk r=:i.i::; 

~ llJIGcimans, II :inld.Xi IEf:!ip Of ~ ~ (SO ro UO gri:i} 
~· ckr'.h b;mr.TJ;!l 1h;i, ~ bc;,s, a::id. 'b etiP Jm -. pW» 
Dnrd ~) ~ a i:xuulip ¢>' ca d» ~ v.i-:'!cm: jir.r 
~ ih=,?1 to tbi;. mma. 11f 1hP ~ U'':::.t;n -::sing ~ 
;.~ ~ c::m 00'..:p!lll ~ mii- ;m, ,;tip ;m.·• mfR!rl ~.r 
Jl> m L:S.mm.[o..l tiy irmtm. F»~cfd» ~pa:timmt:!li tm. 
ceupm. ~ blr. '!Im milcd b;:o-md 'lb; etjp; ml! pruilllll 111 imm;, at 
':31 t:ib icdl, ~a! ~w.1:Q ~ l!IIT6W .. 

l 1.6 Tr~· lMmL'aritm--li stra.ic ~ IS to1 tie_ 
&t2l!cin.ed 111Iarh the stram-m.dicariol!. mmiiixe(s) oo the. 
~ ~~ally a.b(Y!J! 11!..: arilf--sptm. mid·widdJ. !oCilr 

tim. Al::l2im th! stram-rELmdmg im;tnm:~ti.m ta iliE tram­
du.c-::r.o Dill ttie .:pedmeil. 

1U i.1 \l;.!f:.:m. d.ei:,;mrioin~, m.'.ld."ill-a; of el:b'tki'ty. iii i; J'E!C(lm· 
!II:.~9'1. lfut a.1 le5 Olli! ~211 ~ lfilre SJ!Jll~,!f! be evJLimted 
with baik-to·baik i'!..-ml CDll5duc:eJS m ~me che i!H:rcm 
hen.ding.. 'lmllg Eq 5, ill ttie ~§I! Bi.al. .it:ra.in. ~ 
nl"ne (tm aOO Fill] gE; o:: me i1ppC'(IJlril.te d:mrd .mJ!l!dll.1ui SIJrilm 
range) :btm'l!. io 12.b~ 3. A. :.in.gte 1rm-m1Cer m. be lliEd If che-
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iAJBLE a. l~n . ;;i 11nf tlllnd Cbant Mor:Julu.; ClllDUl"lltlDn 
t~Ranll~ 

imlii C1nxd \IJ:i::IWI C 
~ ~~ R.iJU• 

•1001 la - iH:.11 li!Sl: . .o ... 
•r1u .... ..,. -. 111 i.. cc1w111d · u. i..w.. t.•r;; n. ..JrIJ 

Fm 11111.D.-il 1191 ' ro:'.4l .-, • .ilill 1 at 2! iu !ill• uJ 
l lUJ'm 

Lf.;ft11 

II 

p-en:E!f11 ~eudiD.€: i3 DD :mm-e Ihm 3 ~ .. Wh~ iben.;iinf; is greater 
1fun l "1~ average.i mill:. frmm. 00.ci-to-00.di: mn-;ducers of 
me. tiod nre rec.on:JI?.~ 

B,=~ {5) 

'ilih~ 
~ = illlfiatei ;1rni.n. fmm from ~. ~ 
~ = illmr.ated s:traiJ!. emm back mll!51fuc:er.. µe; md 
..8, = perceut bending in spetlmm 

11. 1o:mm:--~pl)" 1he oorl 10 di-: spe:imai at th.e 
~ ra.te rmtil fti"ilrf. ~·lfile morq Gilra. 

11.S . .fut.1 Jiec~nimg-R&ord. loo.'1 \f.IISW 5irnfn for 1rlllE­
docer di.-plaC!!:IIHat) conrlm0115l)· or i1! fr~ regilm imer­
,112;,. If a rra!!Sirion re~:n • in:ilial p.iy fz.i.'lares m ooccd. 
raoord ~ !oo.d, 51niD, md n:.{l!E ~ dl!ma.ge a.1 .:.lli:h ~:... If 
ifE spe:mlflL 1.s ro be Wlerl, :recocd tt.'2 ~~ lo~11l, cl:e 
fai"rnfe. ~ad. ,mz.d lb!! mm (ar a::m5d1JC:l!I" di.-phcemfrlt) ilt., llf 

iii D:2! as po:s;;~ ro. tfle moo1er11 of ruprure. 

1-bir s---ctbm \;iliulli d.:1121 1bzt -G!:I ~ - "'16.i! :in imk;.~ 
:M6g lCl!'t.2lia zcrl ~ a:r~~ ~ ~ 
~md UlliSW E:Alili a;p'..iii.:~ m md IC~ -.....-.:a m m 

11.9 FaiIW'Q MDiD- kord the. modi! m·i Locatioo Gf 
fu'.!ara of 6!.e spec:imm. Cboose. if pMst"Me, a .5Cilll.dard 
descriptlioa ~me ~p.m failme n:roe cod: cm is sil~ill!. 
ia Fig. 4. 

11. IO Grip 'fo.?J .Faiil..<r.Q;~i! 1i:e ~ o:: l.oi!dl 
irilro.i.!xboc into lfle material if ll sieinfficam frndioo of f.illiIIi!:. 
m 11 mai;~e popitl~tion occurwltliin on.e .ip:rimfn. mdih of me 
tab or gLJI. Farton c:OC!5fdmd .ihmtld! mu:rni:! the tlb .lli.!!I!.­
~ rab mii.eml., t1b ~~ ti!b 11dhe:m~ gap t'1Je. ~p 
!P~ 2lll:d gnp nlivment 

l l Cakulu:oo11 
I J l 'iml!i/4 SumtlM.Iik Srnr.grh-Cal.cuw~ cbe lL"'l!m!~ 

1Kiitlf ~ min.! Eq 6 11.r!ci :re];J.1It t.h.!! re.mill to three 
siyri.Wat ft~ If the tenille n:.oo:al::i> is robe calaJlared. 
~Sldn: itE temile !ilresi ill eac:h.~ d.m.pnim using Eq: 

' 

'11 =" 

·here: 
fib' = ultmlte tl!l!Si.;e 5trn!;;,ih. .MP~ [p.ii}; 
r8 = ~ !oorl bdm fillJre, N [IMjj; 
CJ = tm:cil.e ~ ii.I ith dm po;Jit ~ [p.iiJ; f. = Load! ill il:h tbta _pOOnr, N flbf!; an.d 
1 = ~g!! ITO.>S-:iediocal. .!lea from 1 1.~J, i:mn? 

[ifi.l). 

n1 TrMi!ll s.miinlHtimm1 1Qnrii1 s~am-If tell.5ili: 
il.t.OCf'Jl"lE or ultimate ilEI!.ille .maiIJ is to be. ral.culaii!li, mli 
atmtl r~ is b?in! defi:o...m::in:.d lb1; i1C mmsonl:ef 
d!tem:.in.~ me tmide ri from. 1h~ !n.d:iuit~ db-pl;Jcem.eni a1 
e!dJ. requfn!d! dm ~i.m ug Eq g lll!.d. report t.h.!! resu.i"E oo 
1hra:! .ii_gn.ffic,m1 fl§UIC~. 

-a"h.ere: 
e, = H!l?&UI! .strain itt itfJ fiill::i paio.r. µe~ 
o~ = !!~mterdi.splac:mimtil!ith chraqpo:iril. n:m [in.]: 

illill 
L~ = ~mm. ~ge 1eng1h. mm [in.] . 

12J imi:L'" M&drtiu~ fl/ .Eifiltict "." 

. . ' i"l 9--!o ,..;.,;,..:mp....-mhl D:t:. af~ ti: i.uwrrmnm;;!(d 

'::!It • ·~ dab ~ mr m:dohui m iali!Sl!.citj rktm:·:.,nll:l hi 111; 
~-.a.Fi of 1bl. ~ •~• frtcJ ;:ri:; :.&. of ~ r;p;ci:ma. il.'.O 

.f'1G!V.4d b u cd: . l.6.. 

IB.~ Tmsif1 Oi&.2 UMriiill o.f Eiarticfll'-5.:.Ject the< 
~te chord mOOnJu.; .;1rm1. rnnge from Tm!! 3. c.arili1e. 
1he c~ cbocd :n:.oci:aJ.113. of ec3ai.cit)" from 1te slrui-511ilfu 
data ~- !Eq 9. If d!ta ms :n.ot iiv:ailiJbh! a£ the •mid :;traiJl.nime 
eIHi! points (a:. oftl!ll. ocrurs 'iliirh digi~ dm). !Ee ihe dois 
a\~l>le i:htll po:nt R!pllrt 1he 1Eruilc chl:rd il[,\ldn.'Js of 
~'ii.cily 1D tlJrn sign.ifimt ft~. Also· re.iJart iltE! stra!JJ. 
~ wed m tM almlariOJL i grapbira] ~-!! 0: chmd 
:n:.00.ill."!B is; s.lwwn in fig. : 

12J.1.l The abum~.ibm~ shou]d ,m· ~u.;edl fur 
n:::ai1Erill.i ~do 001 e.Nlu"bit a tmbit:iD:n. ~on (.t :f~arJ 
Wc.ge in the S:-0~ of IM s'!n!:.:;-raain O'JI\1e) w.itl!in 1fE ~\tell 
strain ran~ If il trallSition mioo ocrurs. within 'lb!! ratom­
!I.8Dde..i. sfu.m. ~. tb2n a .more ;.llilabl!! .itrul!. m;;2 5ha!l be 
~ ;md aportai 

ilere: 
~ = c~e d?onf molflllu; of~'. ra>a fp~J; 
Acr = difel:ent~ m i!pplied 12.n_~ stJF-..i; bern"-em tll.e 

cwo :mill. p.1ints .of T~ble. J. MP.I [Ji:iJ~ .md 
fie = dilfereuce: ~ 1he rwo slra!I!. poi.nts Gf'.r.a'hle 

l (oominaL) 0.001). 

12J.J f~i!I MtJ.itJlfil_ of EJartk~· (Orhm" ~f.'ti:i)­
Ot!h!r" d!fln.itiOll.:. of ~ m.ocbllu;. DY be f\1alu!~ ilDii 
IepG!ilEd ill "the ll5eT · s dEcrerion. If such d.mi ii5. gmmed. illl1 
repomdl, rapor1 aJso, th2 dm.don used.. IM E.train :range -.Eei 
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~ fJ ( 
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I ti 

I~ 

I• 
I 

,• 
..... , 

I 

I 
~I 
LU 

F1:111.lo.111&l•I 'Cmdl ~UY-'ft 
f.'.i • .- ~.~ 

• 111...f A .... ·~ =--rl lm.J• 1nr "~ 
lll fJ O.Janlu.U.. II .t• 1n1 •u~ I nr1r, • .i . ... ., f)11 1 
Lil_,. l t_;.,, 
Molli~ ~ll~nl a«i11:1,1o ~· 
I , '=t " " ~ ... ..,..."' .,..,.."" .\ ~t· 
Ooh'- '; --

AO. 4 T~llliDll T~ F 

md m~ r~-ulls tCI thr!! 5iglriftam figuru. l'l!Et Metflod E 111 
pro!.l!ldes additional gtrirl ::nr i! m thl! OOl!Iminat:oc of cnodubJ5 
of Ll5ci01Ji. 

1- IG-An ~of~ modnlm dmmirim1 ii. 3 ~· 
c.bmdl i!XIC'~ of tb•!rit/ fiir .c:.%m~ thlt mil:!!: ~x:y ~ 
;:ni,;""'Jni:J. m."::.m.im'. An 111311lplro ti! ~ ckdl. r.:.cduJuo u W:v.-:!1 
i::I if"~ l. 

12. 4 .P!ii.zo.i ·s R.<ttio: 

N'Jrl l ' ~ bmi»il i:lll:.ii!l!IA1 i.irain .§J!!I~ L""a ~ WJ5d i!J& i1Illl' 

~Dy tba ~A~~· lllffilct· Qll t» =iii-A !ZgD r#-iJl 
.;;n,;all-r l':Jll c:DCh • m: ~· m :m:- t:»-:ih.. A:i JCallil~ 
~ of~;ai·1 mic ~ camo::c f.crtbll a.IIi.lct. Ih'1 
.. -:nim si? ~ shaildb!a ~ fa~a:J llll r:IMI 11.W 

of omwdiic b..""tor. !m ODn'la"'A wz:.imily. 

111 L1~ 

J.. 
r 
~ 

II." 

~l 
v 
ll 

I 

IJQN 

l 
~ 

~· ~· 

L 

la 
Ir • I 

12 4.1 .Porr:on ·~ .Rarfo 11} Ctram .V~Selecr the i1J>' 
JliOJlro.1~ chord. modu.luo lac.girudiIW 3cmia r:mge from Tilbl.e 
3 D~ ~· plottiri,g l!f o1hawiie) di.~ l!aJIS\'erse stra.m 
(~.!red pi!Ip3lliirular m th! awlied lru.d). e.,. ill eilCb of the, 
m·<> ~r@1lldmiJ.J s!Jaio:; (~ pmJW to thi! i1J>:!l~ lo.lid), 
e~ .itDin. range &:i pai.ms. If :bra is no1 mllla.bl.e ilI ~ euct 
stra.il:J !il!l~ mi paints (as om oocurs with digital mti). use FIG. & ~ ~ru;Lr111 a~traJn CUINllO 
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tte ::.lo;e;t ai'\'!Cl~I! i!t! po!m.. Cal.ail.t'l1! Polison "5 J.aJio, by !Ell 
10 mi reJJOl:t to cbree ,;igrii&imt figures. AI.;o uport '!fli! S'IIirln. 
range used. 

{lD) 

n.·We: 
,.. = .POOsson • 5 ra:li.CJ ~ 
Ac. = ~!! m lateral strain b~ th!! rwo 3o~ 

d:iJru strain pnim; of Table l. pe: zmd 
Ac~ = ri.:iff.ere;xl! itJern·l!m i:he t;i,·o lo:n.rirud.icAJ. .m-ain 11mcs 

ofThbli! 3 (ucmiiMlly ~ tl.001. O.CtOl , oc o".005). 

E~.l Ttm!l]Q Poi::rrm '.r Rmio (Otilu ~li!J'Glru}----Oilier 
drlcll:icms of ~cm.· s mi.a mey be 1elia.bated md rapo:rt!dl at 
l!h:! use:r's direaion.. If sud!. dJ.111 ~ ~ mi repmte.i. 
rallart ;ilio1 me ciEfinition ma:L me mm Ii1Jl61! ~ mi che 
r~ulu to t:hn!l! si:ignfficmc iJ6J.['e;. Trn },!feihoa E. 132 !!IIDvi.de; 
~OiliLI ~ !n che El~onof Poi;S.QI!.'s :ratiD. 

11...5 1i'a.rilllioJ•1 Smrm-~"hm: i1pplic:able. detem:in.~ the 
'IJilOiCmJD s1ri1fn. from e..°tts me bilil!.W :!cJngmxiiru!J str'es; 
va:;as lan.,;irudic.al .imiD :::u:\'I! 00: 1fle bilil!..:.u tra.o:.-ver.>e. 5ttii.Jl 
1.rm115 loogitJdiml stratn. amre. C'P-zl:e a b6t mill' fit onh.mdl 
line for e;u:h. rofth.e wro tm~ r.:-"'1.:~n; mli! ~ti! the lines m:itil 
~ m!EL>i!d. Determme· 10 tbra= 5.5~ di.git:; itE la~­
ilall£na.1 scraio tha1 c:Gmsuondi co 1h?-~ wiu1 and! 
record t!ili io;We a.; ~ irim.iiti.<lll. ,;a:aio. R.epo.rf ilio the 
:zr:=tbod O:~ i!n.eii£ fij Ce insed) ill!.d 'lfll! .itD:iJ!. ra.Dg5 O:\S v.iUc:h 
'lb:! li.n.eM fit or d!m'd l!.'ne5 were ti.~ A grap1l!cill 
~le of ttmi!.tioo sm.io :is sbotrn En Hg, 5. 

! 16 Stati:itic---:f-01 e!dl series of tf515 cah:uLice the i!t'eJ­

~i: \7ii.ue.. 5tlll.lmil !i?vattao ilCtd c~ cf varimoa Cm 
[pErrnlt) far ead!. prop:-..J11o• dl!l:em:..in.ed: 

9·h.erer 

. 
~= t '~..:rl ........ . 

I . . ....;;, 
..1 . 1 = -\. .1 ( ~ £ - re I l t,i - ! I 

" I o 

f' = ~e ll!.'31D. (i!t'eL?.,gi!)~ 
~ = ~ stalllW'd d:W.fum: 
cv 

1 
= ~ coeffi.cil!l!i! of "'a:ri.ariol!l m ?E£ti!I!.t 

~ = n.mmb:!r o::" sneti!I:.-=n;; an.-i 
I , = IDJ!ib.llC'i!ti. or· ti.em--:.<!. properly. 

l3. Report 

(U) 

{l!) 

(B ) 

13.1 RSOOir ·lbt! follo\\<~ mfonm.at?oo, « referer.Q_; JJO.iot­
~ to .l!Che£ OOO''l'D?111\?.DoCL OOI!.~ cllli uc~'lion. to ith?­
~nm <:Eiem 11pJ1lfu11ble ~g oJ ii:~ beyml.f W. 
amtrol of a ~"L'!l!. ce.;ting, li!.OOrlll\1.£)'. ::JCh 115 ~ occur raid!, 
n::a.'IEritl tislril5 00 ,(l?ll!l hbriairi.o'll. pm.IC.~ sha.Il be th£. 
ri:-.... -pao;!"b~· at me .reqaesiai:): 

13. l. I The m<i.si.on •l!\'e.3 -or date o:: i.>!.'Ji! ofthi; Jest lll.Edl.od.. 
13. n The mte(!!;) olJll! kntooo(.i) of th: 1es:1:.. 
13. l.l Th!: ll!II::(.i) of d:e ilesi op~i:(s!1 . 

15 1.-4 Any ..ari!ttoo.;; to mis te5t o::.c1bod. a?l.<lm3lie.s. 11.0l?ceii 
dnrin.l!"C~'til!. sr OI equipn:.~ lllroO::ar.; occ:m:ri.nE .iunn.e· b:::itin.l!. 

13 i'.s li:rrr,ation of all: lllilSlll! ~te-d i&i.~g: n:s.~ 
rial sped:fu:lltion., i1!..!1El:W tn:e, l?llb!rial. d5lgnation, m1mufac­
tllJ8'. mami:mcrurer·s Lot m ~ii.Edi u'ilI!:11J.:.J,, soorre [If ant :firom 
~), date o~ certi.fi.ati.<w., expirlltiDtn of c:miflc:lltion. 
fi.l.miw diamel:er, tow iii yam filzJi:.,?llJ: c(JIJ!j il!ld nrut, mmg. 
form oli Wl!ll'i.'~. fiber areal W'e}gilt. a:mais: cype.. Jlliepr.eg !11:3m 
C<ll!.Il!l!.t, a.ell piepreg v~. camem. 

13J .6i Di&liption D~ die fa.lo:i.CAti..;rn ~!!p5 llifd 001 i;:a:eJlilEe 
1he tm:.iruill! llrll.ding: :fabrica.ti.cm :.'lmt liJ.ll!, f:abira.ooo end 
d3te, prac.ess ~cation, cure: cytle.. cOllS(Jjda.ooo m.l!thod, 
i!lld! a ~;cripti.mr. a: tlu! e![Ji]mli!l!.1 u;e:L 

13 1.1 Ply oJimtlltion s.1ackin.g s.equ.enr:e of 1h.E! lm:rillllte 
13.1 .a If· rarul!5teri. repoo: d.ewO)•. lj,'CJ:.ime_ p:ro:Dt ~­

forcl!ID.l!ll.t. mi w.id c:omatt ca n::.~d;. specmlE!ll. s.uqi:.J.qg 
n::."31hadl 3.lll!. ~'3il:ii?.i. te.il ]li1!111lle[S'S, am!. c~ ruull::... 

13J .!ll Avm:g!! pfy Ehlr.lma;;s of che lllil.Cl!riill. 
83 I .HI R,..._rults of my mn.:!.~inll:tWE! ev:ll'll3tion tl?.:.t. 
13 1.1 1 MerllOO of ~ ltH! ~151 ~ecm:.-=n. me.~ 

,;p:rimm Inb=-J.En;; ~ md .llll!thod. :.ip9Cin:lm ~::tcy, 
sampli.JJ.g m.etruJd., Coopol?I ~ CD.E!d!Dli!,. rllprrtffin::tNJo of~ 
geon:.3'1rf. ca.'b ~ mil lilb adhern -e IJ5Cd. 

13J .1.2 C.&l!.Drlltion nam nod nm!:to&, fur all. .meas-aremer:1 
and 1l! ;1 eimi'tll!ll!I!J. 

13 1.13 "rW- -of tesi !1!!.clti.n.e, ¢ p;, ) w;, grip pr~. 
ali~ rumE, mi d3ta ac:![iliii.ti.mr. 3illllp:I:::n6 rue i1C:d 
equ.jpII:.~ ~-

u I .I~ &b-ults of .i'f:iteIIl a.Ii.~ enl:.aliom, if~ 
.iUCih were doll!!. 

13 1.15 Dill.:.,m;:ion;; o:: e:irh '11!;,1 ~ 
13 1.16 Con.di:ri.tm.in..g par.m:...qm .wt result:;1 u;e. of ttll\'el­

e!S mi: tm\•!!lEr geoo:.-:tr}·. i1Il.li me Jlroc~ u.ied if IKhEr 1ban 
1bz.1 SIJl!Cifi.:d in th te:;t !II:~. 

13 i .I RP-1at::i.\,"!E! 1l.tmlidiiy &nd tei:npmbm! of tlu! cestiog 
Iiioorntmy. 

13 I .Ul En~ of ih.e trn midrim! emiiro~ 
~ (iff u.;e:i) 4Illi. ,iOOl; timl! iJ1: em.imi:mll!n.c. 

BJ .19 1'1lm:.ber of~ ti:-.... 1:ed. 
13 1.2.il 'Speed a: ti?.itin.g. 
13 11 l T:c:nsdocer plac.ement on ttie spedmn md trm;­

dncer ~ for e!.dJ. 1Ti!IJ~ ~. 
13 1.1.:! If strain g;JE'.!!5 were wed, thi! rype. re;bi:.?Ilrc, me, 

?11e;e :!ilcmr, ;r~..ia.ture comp!Illllcicm. m.etftod, 1Iim:.1P-3Se 
~1i1.1i:ty, :~..;lm re=.E.um.Q.:. .!lid my comctioo farrm;; 
use:l. 

13 1.23 %:l!i.i-SII'i1in cun'i!E. a:nd ti!JE1ed di1ra of 5'lre53 
vm;w; .itra:in. for uc:h ,;:i;e'Jiicm. 

13 1.1~ ~cem: ten~ Ii!Eill.13. foe ea.di ~::n. iD aq;1J.­
ateti.. 

13.1 .25 Im!D.ili<Bl struJgth.::l .md ol'i.'i!ragl!: wllE. stmdml 
dm?ition. mti. coe::iiaenr of 'i.'ZDaricm. Cm p?Kem) fur che 
~tiML N011! if th.I! fuib.In! load mis Leis. tteJJ. me~ 
:Ired Mmi! tirilw:~ 

13 1.2.S Imfuiliial ;cnim ilT :faili!'e m:d Cu! it\'l!I'llgE' n J:il.I!, 
.it.uHL!Id de.\'.li!rion. zmd coeffid!!I!! o:[ \lillll1ion. (m ~erceru) fur 
'!h.~~ 
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3 1.21 5trun l11llgl! "J56i :oo chmf m.oifllb.li .md Poraoo' 5 
raoo 121sminrtion. 

13 1.1.ll If.mo1ber de:fi.n..~c of i1I::"1d:n...':ls oo Wstirity i5 '1151!0. 

in lliiimoc ro dlo!id II:lild:n..."'.15, ~ th! n:.91wd. Uie:i!, i:he 
~~ cm:rili1icm. ooeffici.ent flf &ppl!Ch~), ilriril lhe 5trafn 
ra.D?-~ :oo fut! eval."'JZition. 

13J .1.9 !Ddi.'i.icw 1?iLi.li5 of l!lDdltua m elllsOCiw. i1Ild cbe 
~\'eB[:;f- V!l.'ili!, ..mol:ilJrd i!E:'l.iiation,, .md coeffic.Jm of \•m:iarian 
(ic pmmt) for~ iJIOpu}atiDn. 

3 1.3-0 If ano1ha- dm!!..:Uoo of Poisson' s ratW is '!El!::iJ m 
addition 1D tbe d:il.rchl.Ttie dEfmiliDII, ch!~ lb!! merhOO. IJ:.ed, 
itl:E res'LL!ing OOCI!.b.ti.on c:omic:E.m ("U: .i_~b~).. .null th.e 
smic range m.ed foo fh.e e\r:Il:aation. 

13J J 1 !JJ.di.'i.idna] Vl..~ af~cm.·s ratio, a.ad cbe il'i.'mge 
VLile. st!lldmi. :iai:iJ.fum. mi c:oe.ilMieri:i of mtatooo ("m 
:percem}fm ~ ~tioo. 

13 I .J-2 If rr!DSitiou strair:J ~ ~ lh.'2 m&hod. of 
IC111iur m (Lf used) arut 1he .m:a.ia ~es m."'el" wbic:b the ::in-:iu frt 
or c:bard line; Vim! a~. 

3 l .13 In.Ci'i.irlnaJ ~ah!.es ci: IIill!sirio.n :.ma.ia ("If ~]11.lt!blr!) , 

illlrl rhe ~!! v.1.l:ni!, .5lill!.dmi ~ i!r:i coefueo:I of 
~ooa. (m perrm1) fm m.~ po.~ 

BJ .l~ F.!L"nre modi! .and locmoa of faillIJ:e fur •eoch 
spadmm 

U .. PrKisiOlll :111d Bw 
l~J hciia'ol'L. 
I~ I.I The Jlf'l!a:iMID nmi! hm; of tenElim t~ ~ acci: 

~dn.:-as i:neasure.m&lts dep:n:f o.I!. strict alfai!r!Iu oo th~ Test 
Me1h:id D l039i'D 303~M ilrirl! llrE. illftuenr:ed! rtir !lledm!:c:.al 
aIJJi matmal. :f.!..::mr;, sp:riinm [!lrep.?IatOO!!L. i1Di ~t 
emirs. 

l~J .l Med'el:!!c!l f!rtCl5 ttel" cm aliea rhe test .mulr:. 
llxlude: rhe ptiysknl di.ilrac:terutic:s o:: th:! ca;:ricg n.uu:ltine 
(stilD!i!». ~. mi mass). Jlroiratf ci: loaitin.-g md 
di;pla.cemm't1'strcin. meas::iremmt. speed oti loodicg, alignment 
o:f ~"t ~ witfl aJIPli"'1 l.oi'id!. p~iili.sm of roe gDp.i, 
,griJ:I pre..csura. and ~of loliil. cmi.irol (disp.ar·mmll, 51riU. oo 
]red} 

l~J .1 ~menaJ iii.cm~ l:Mf can met: teit El!Sll.."15 mdud.e~ 
D:B.1mll qt.Bli'I)• ilDrl! ~6mttti:Yeni!:s, .;amp~ ~ ilDd! 
sp:rimeJJ ~ti.cm (dimem!ocal. il(rura.cy. t.lb :n:..a.t.eml. Ello 

tlper.. illlb adl!?...ii.\'I!, ao:i i:;(I folith). 
I J . 4 The l!li!llll itmsili! ~ foc a stmn. nte 'ie!Uiti.v'.I!, 

g;k;~epny • ::mqxlii'il! ru.til!g Ln. 1h:e fiber :Eremoo wa.:; 
foimd •o ~ ti,· ;i:ppro:mnarel.)" two :.1ill:.dmf m i a1?om 
with di!CIH~ lfi!I:.: 40 :fitihm! ~:erl a.1 tni! Ji:!r.il3 of th.e 
reoocnmaI.ded! ~ m ml:m p:re.;ai"oed! m Test .Method 
D 303_g/D 3039~ Thi; :re.;ul.t ~es1 iltn1 cautio11 .!mbl: be 
115ed •;1;hec co~ ~:sc di!a CJ.btaiJlerlfo.r stramrui! ;en;i Im!: 
COmp;lslre iD:o?.tEii.ili tl!s.1J!dl m 3CCcmtmrl! w1th tlJi;. ;'1m!_dmf.. 

·~ 15 ~eII"On; mse lEm·lbe use a:'~ 
u:.s:.Lll'i.og in."1l1'J!Jli!I!.B 5'llrh ilS ~ad c:.ds. ~ ilDdl 
.ii:ra.ic ~Ee. n:Xrm!:.SEI-..;, dm ar:![llis:itio_u :iaiias • .!lld so 
fo.rri.h. 

l4J .6 Ihm obtiiil.l!ril fmm ~~ tll.a1 .frar:tllr!! OUGi'lie 
ttE .gage are rlH>:tld be IJia3 Viiith. i:mtOOc .l3 this dab !11.:JiY noi 
be ~o;.ie of ~ material Fi1ilure ic tlE ~ regkm. 
icd5cate5 ifll.e stress c:ClllJ:&ltt'i1iio:n at 1he tab !3. greJ.ter th:m th.e 

ll3tlJm1 :tm!,:.-th wrimcm. af ilhe matmi'il ic the [pge secti.an.. A 
tapered ra'b. bo:n.di!:I'. Mtb a dl.J.crC2 imi.·-mod1L1Ls 11d.hem"""e hils 11 
Ieli'i~.ly l.m.--.itres~ CCfll.(emruiOD. l!.Il.d shol.(!dJ ;[b-;Il.1 ID in 
lov;E fretp.Jenq· o:f grip fuib.m!.;;. lov.i:-:.tre:n.,gth billi ~ 
with i:he ~ of &IiP :f.U.~ by .m lmllJllllli Jlropoot?Clral 
tD ifll.e .itJ~; C:Ol!U!llriJ.ricm. ill 1hE! l:ilb. 

14J . -~ iit1.er1abontocy· te5t [!l.rogram v.'it.s; cooduc:ted 
where il!J il\'i!rngl!: of il'i.'i! ~ -eJd!, of :ill;. ruffi!rem 
II2.tl!ri.'!k i1Dli! ~Y""UJI r•onfigural:ioIE, Wi!l'.I! te:it8d ~- nine 
di.:ff"mru !!boratories.. UI 'Jh~ 4 ~ ilhe ~00 sm.tistic; 
e,!!lla2:IB:il Emm 'this siw y iLS d:finerl in. Pradice E ifi91 fur 
1miile 5Cl'i!Dt-'='1tl.. mod!Lm, and f;ill1ll1!; 5'lrni:n. All dm a esup1' 
fu&t fur Materi'-.a.l B ~o= .wy-t.-ip) vrn. n~ 11.'1rh !ll=-..iped to 
illl. .1vmge l:h..icko:.>s. The 1m1tmm li.:"ted in Tut~e l > il!E: 

defm'id i!E~ 

iwmflllll i 

A '.:1<1 2.MI 
Bl ii &!' 
c ~31 
F lltl 
0 121 li2 

,.. 2i57 
61 1)0 

c: ':.!.~ 

F ~ll5 
a i;i .. 7 

,.. 
· ~ B (IL!li!I 

c: 2:' 
F 2 1K 
a 1. ~1 

Ji. iM-t."..Sll l~ =~ 10. 
A ..&'J.501.-6 ...r:.ro I. 11 

C :IM-t. ·..5'1 1~ =-1.11? I l"cl 

F' O-'cpq (llllz>: (Tl&L 
~;m R JlTu F.p>SY -

!Uli&h.p:d 
I} CmfE..'rp. .. ~ r.J.x Cr.QJCI'• 

cub..~'Ci!. I;! ti.nti 

lAI61..E 4 Pntal i;.loo :s;bi~li>G 

I Z s-, ~ .$,1.t, ll. 

12.11i l.12 
(15:1 a t:i i 
) il4 11': SS arM 
» ~ ..y} SI) 

1 .511 ~ "2 .32:! 

lil.C.:SU& Mil 

!I~ o~ ll. ':te.i 
l').I)! 0. a :e J.12 
~:ll";. 0'.:!1 ........ "2. 
aoe o.c.i. i:: .ii 1.!l 
a U!! 0. r2 C"~ 1.» 

'Ci: 
::.i ~ l?_:.(I 12-"i' 
!I.Cl.! a :e us 
D.15 c 111 ' 1i. 
:l.1.t! 11~- a :Ii ~ 

lJ,,111 '!lo; 

3~ 
,a 
i! 
!!:Al 
~~ 

"!o!il 

" 51' '.:!.!o:I 
2 
2.::ill 

615 

'~ !!:.n 
!)3 

4 1~ 

1 . l.S. Thi! ilvmge; of tDI! cot!ffiC!all> of mmoo m m 
Table 5. The \!itl::i!!; of S,1.\" ill!13 S,,..iX rl!jlre;em the ~tlbl!i.ty 
mi th!! m11nxhxal>ility aieJlicimtr of \tia.tiOJJ.. msue~. 
Th.e;e a1mge; ~t" relz.ti.1'T! cmmpa.ri.s,arL m ch.e rapem"b51.­
ity (rothin b.bcaa10!J• pIKisiol:.) md raprOOuo_lrility (bam-e-=n 
lziboratary pracmo:n) of th2 teasmo mi: ~er.i. O\"fill! 
this ind.iclte:> that th!! f:IiJuN smiD meil5llrF1lll!Ii;; mllbir in 
lr!:i;1 IE:pemmli!'j m·i r~mili1J cif all chi!! :pmm.ei:ars 
o:.easm:e.;i 111.·~ i!I!(ld:J.:.115 WllS fouDd! 40 prO".riJi:! 'lb!! ~ 
~JtJ.b:ilitr il!Jrl. rep.mdua~· m me pi1Im1i!tm nmJ::med. 

I L ':m.-1 ~ o(Cr.~ MaiaiaJ..._......_ I ~­
_,;.., " A!JTM p "*n ~")t.f md 1:KJ stw Fii9 ~- ,1,!JTM Jnotitm r ... 
~ Jt,mm-cb A;:nl Im 
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~ Designation: D 792-08 

a .. JTIU.HIOUL 

Standard Test Mettlods for 
Density and Specific Gravity {Re,a·live Density) ,of Plastiics 
by Displacement1 

ff:is Rlird:url is issued 11m ttz md d.-.si!Jlllim D 1'2; !ht IDlmmr ~Jy Ilil l~~ ll1f lhipoo i.n£:lla ~ ysror 
ml!imJ lldqilioo or, u Ill.! 02 or ~':sllQ. tre l'mr d Im misim. A lmllber i;i p.ireTLiezs iB.ic*3 llz l'?ll' of I~ ~~. h 
~pt rpsiloo 1cJ ilKIJGes m IXlitorDJ c~ 1i!lll! ll1f lim l'f'fiJioo a R!IJPl"l'il. 

& ~ l'iil.! bra appml:fli for~ 1:J qt.ell! ii/ ta D~ af D.;limt. 

J, Scop£• 

LI These fB;.S.1 rne-lhods describe !he- d1!"1£cmination or die 
speci fic ~ravity (roll!i "I!' ckmsity• md density of solid plastics 
in rorms sac:h BS sheets, rods. tuoos. ar maEdoo [terns. 

1.2 Two t.e5L mf?t.OOds m descril>OO: 
l .l . l Ti~t Md/rod A-For testrni; solid pbstks in waler, mnd 
L.!-2 Test MafJ.ori 8-Far llL!sl.iag :soUd pl:.asti<:s iil liquids 

~r tbBJI water. 
l -3 The vnlacs sllalt"!d ia SJ a11its arti La ~ rogarrle-d as dil:' 

s.urn.l:mt. 
1 A Tliis sliitufrmt drit:s "1't p!trpon 10 addrt.rs all of lhe 

safety conc:ems, if rin), amx:iaJe.J with its use.. Ir is lhe 
re.rporuibiJiij· of lire user of lfris stcmdJrd to atatilish appm­
priaJe safety and healllr praclires 011.d deli'rmilTI! rile opplirn­
bilil}' of ff!gulalory limifatiOJU pn°<JT ro rISe. 

Nan. l-Thllmmhmuoolc..,"llh·~L1DISO llSJ-a McthOOA.. ThD 
le~ mWiod prm•ida rtJaR: ! "d.c~s an smn;ik ~hl !llld dim.cn:imJ. 
I.SO l I Bl-l l.IJmn f.ali:.!J!. Ill. UC nlit icraal Lc:npcralw-= or 11 _._ r e. 

l. Refen!nci:d Documents 

2..1 AS11.1 5f.alli1an1s: 2 

D 618 IPra:tkc rar Coooitio11illg Pl.asti.cs far Testing 
0 91 Tusl Methods for SpxifJC Gr.n·iL)', App:D'rnl of 

l....iqu id lndu:stri.J.I Cllcmicm 
D 4968 Guide rar Aaaeal R~Yicw of TC"St Ml!'thods mnd 

Spedlicatioos for Pllslks 
D 6-Bti! G11ide for Rcportillg Propen.iss for Plastics l!Dt:I 

Thennoplaslic Ebstarnm 

I Rez 11!.si imtnls riR! a:ar jUJDf.:tioo af ASlfl1 Cmi:::ttl?e ()!) 00. 

Pbm:a Jl'I! llir: dm:t RSpOOSibifily Di SubmmmilJ.i!e> me.JO 00 Air::1l)tiGI 
Mellm fSoc6aa D!l i\1.oll. 

Cu= Dion wmm Ju~ LS, 200ll. Publmm July .!llJ;. ~1 
~·al - L~U. WI IJZ'lool cdilillll •jp\m . llCJ ZS' D 79~ - 11111. 

' I« ~~ ASn.t mndWs, "1a. I.Ir .J\STM Po-elm~ w1ow.~ a 
rott:m ASIM ~ Sim~ Ill. sm~lll!ll~. l1r AMlW BJJCi. of AS™ 
!t.::nd:uds nllume ~ rrB'ID 112: IO!ld:mf'1 t:km:::rnl Summary JllF oo 
t-.&!1\Sn\2~ 

E I Spxificnl.i.oa for ASTir1 Llquid-in.,Glass Th£rmD111t:Lm 
I:. I ~ Tcrmaaolagy R1?lati11:g to Om:s:ily !Ind Spec ific Grin·il}· 

of Solids. Liquids, BOd Gascs3 

E 6? l Practice rar Coaducl[og JJ1 lllt.erlabaralory Sllld)' to 
Octmninc !.he IPIT'Cisioa or a Test Method 

IEEE/ ASTM SI - I 0 "1!.::licc for s~ of lli€ linleraatioo:ll 
System or Units ISO Oho: Modemi:z_cd Met:rk Syste:ml 

:l. Tenuinalagy 

3. 1. G-eneml-Tbt? unils . .symbols. :md .Jbbrc\•i.Jlians us.-:d in 
lhese lC'Sim€!1bods arc in accordance wilb IEEEJASTM Sl-IO. 

32 DejiniJiom: 
:L!:. I specific grui•fty t relatil iitnsiI) f--tJw! ratio of Lbo 

mass or a giH!fl \·orurne of the impe-nnc-Jble ponioo of lbc 
mar.crial Jl :nae Lo Oil? ir.nss of arr equ :ii ·olumc of :;:a.s.-fnrn 
dlstilled or ck-miifll!raliz.00 waler at Lb~ same tern ~rallllr~; lbe 
form of CXJlli!ssHlD s'lt.:I.ll be: 

Sp:;cific ~vily trc lll.l:i~-c ikmi'!.) I ::'.Jfl-3"C 
(Dil' sp ~r Df1_J~Cj 

N:m 2-Thi:s dOoilioo is cs.smti.3lly cquivllk~ lo lk dc6rtilian !Ur 
cipp=l spa::ilic s_an·ity Md .zppDIGIL dc:mi1y i;i Tamiml<IJ!.)' to I?, 
ooCJmC I.be mDil pctu.01Llgc diiTcrcn.cc ia!roduocd by 11Dt cana:ting rm 
the buoyancy ar 1ir j5 mii_@oilianl ior Cll05t ~· 

3 .. 2'..2 deJLrity--cafl.ic metrf!i or impGmu?.:tbll? portion of Lb~ 
matcrial Bl 23"C. Th€ form or expression shall be: 

oD, k1!>'1t11 IN,otc; l-·H 

Mm: 3-Thc. SI nnil or d.cnsi~· .. m defined in INT:./ASTM Sl-10, is 
kpcn' . To com-cr1. dcisi'ly in· tJcrrl lo density in kglioi. mclLipl:y by 1000. 

Nar.: 4-To co..m:rt spcci6c ~nirity llf'-3-c lo ibimy 2:3'C, ~m'. 
ux Ur fol lowil:.E cqwtiC\ll: 

one, kg!m' - spp '~ID-C .K. 991.5 
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,~' D 192 - D8 

4 . Summ11ry or 1 ·cs1. :Ue:thod 

4.1 Dcl.cnninc-ttm IDilJ a r 11 sp:rime:n of tb:i .solid J:tllSlic jo 
11.ir. ll is tbsJ ~ ln a liquid. jb Df=tlllR!nl nu.m upoo 
immi!!nion is; ~. lUld its speciJic glll\il:y lrclD.tiR" 
de=-il y I calrul~Uxl'. 

5. Sii;nil'iCD11a: 11ad UR 

5.1 Thc s~IX: glli\il~· w dcos.ity of a s.ol'id i:s 11 pop:rt)' 
thnl is CC111\11miientl)• m11;u and Jo idl!r:.lif)' a 1U111.miaL to fullow 
p:'h j<"?iiC".al dUJ.Q;!!CS in .. .5.IUCplc, ID indiC"~ dt!f!l= en anooonnit:y 
lllI:IOO!!. dilicn?Dt snmplicg uma or spocimms, 01 ID indii:aw tfE 
ll~l! d'rn~ty of i ~ item.. 

52 Cbllllf,'l!S. in lknsil) cf" • single au:u.r:ria.I zrr d DI! lo 

localized diliEtclJICCS in cry?Ot.dlinil:J•. lm!'; of pbsticim:r. Jlhllccp­
Lion ar .sal\~llt, or ID o l.bi:,r cum cs.. llis pa.uihk I.bat por.liaru llf 
a ~ dillcr in density hec11ll3'! of ilhcir diff~ccs 1c 
crysLlll.in.'il)•. ilhanul h.ktmy. po.ms.it)•- and! ccrcpositiao I l}pi:S 

or pmpDlltioru or n:osin, plasli:i:mr. p:iJ!,IMlllt. or lilh:r).. 
5.J Dc:nsil) i:i lllEfcl f"OC" a k:abliDJ: slA!~tb-v.•ci.tJbt. OU1d 

cosl-~igh.t nitio.s. 

6. S11mplm; 

CU Thi! .s::uriplmg anils wed fOI" I.be delnmirwion of !Spct" 

t:i lie S TU'li ily I n:!b'tiYl! dcD!:ilJy"I sha[J be" rcptcSOlb.W{C llf ilhc 
qlWIAit) or prod1lcl for "'-fticll th'l! d.l.UI ~ AKpin:d. 

4U. I ff 11 is la:ia.-·n w s;mpocll!d du\ the: um.pk ron!rim of 
h \'O or raoa layers or .2diore; ha.,.ias d1lierral !OJ>Kifk 
!PYiti1!l. cil.bu ooc:nplde 6nid:md p.llrls « ccrcrplctc cm:ss 
.s.!ldfoiu ol llir pam or s:bap:i shall be ir.ocdl 11S tlll: s;peci~ 

or Rplll"ll~ spe::im.cm slu:tl be bk.en 211d m~.d from each 
U)'<r:. The q>ei:ific gDVit)' llrCh1n·c dllmit:y} cf" th.a tcb.I p11i1 
.sihal.I oot. ~ obtJ.iood b"y addi~ the .sps:ilic ~)' of tm 
~ye·cro, uol.css n•.hun! ~cs. of" th.c lli.ycn::s. llII! ~o .iato 
lloCmiUllt. 

7. Coru:lioonin; 

7 .1 CD.'ldirfoni.11J1--Comli1foa Jin: test spuimrns Jll 

:!.3 ..!: l"C Jll1d SO :!:: 5 'i: r:ehlfrc h.11JDidity far i:rcl kz !tlun 40 
h prim" to te~ i1:1 w:~!m.lw:r.c "'illi l"mcedb~ A of r l:ll:tic>: 
D 6UL 1mle3s; ofhcnrix r.p«:ifu:d by I.ht: rnn.tnlct OI" rdc11"M1f 
mat.lrial .spr-ci6c1tio=. In c~s. of d:iusrecmc.n.L llu: tokruas 
s.luJ.1 1 bC' • I ·c 11.o:l ::?:1 'l.. remth·e lv:imidit)'. 

7..::? 'k.sl' C04liriD11.o;--Candncl 11:51.s in the sl.mtWt.I hibma­
Lor_, ~ or ::!] ::: 1"C lll:idl !ii) _ .5 >i;;, ~~ humidity, 
r.mlcss oth.crwi~ .spE"dlled in I.bis ~ifiritiac C!J" by :the 
::o:ntnct ar R!ln ll.lll: IDlll.l!riAI ~licalion. In CllR'S of dk:igrro­
rocnt. l1ie i..clt:lllD:O .sba.U be ± re llJld ::!:. 2 'l R!l-2ti Yt! hLJmid­

it~ . 

TEST ME'l"HOD A J"OR T.ISl'INC S OLID '.I'L\STICS 
l'ii \\~1'iER i Sl"ECL'\1ENS I 1'0 SD ~ 

&. S=pe 

8.1 T h.is- n mEm.ho:l im-o.J...o "M!iSJlmg ii OJJl!·p"icct! !Op«i­
mi:,n. or I Im .so.! ia WDlcr. w.iJig II. .sink.a ;1; ilh. plll:tia lfu.t ~ 
l i_gb l!r lluu1 ..,..~r. T his icsl nxlh>d tS' ruimb111 mF pbstics th~ 
~ ""~ by. bat L'll:rrw5e CIOl .dfa::lrd by r,r.i.'lcr.. 

!>. A:pparmllw 

9.1 A.'lalJtfral' Balanu-A.. bohna •;1;i.tb. i pn.-cisioc af 0.1 
reg or be1.1£r is requ.ired for ~rWs. b:J.,.·ia!!. di!n:sitia km Lhl1n 
LOO sJcrnJ lllJd mmplt: 'jl,~gba ~s .tbzn LO gnmu. Fm .zlJ 
other nuicri.Jl!s .a:ndl lllDple we:ighl.:s, a. hal.m:ie wil.b pm::iDoo of 
L mg oi- bdla i:s E"CT.""pl.liblc rS!:O Nol.: .S ). Th'! baUnol! sluJI be 

c:iqaipf:ed with 11 11Dlioalll1'' .nipport far I.be imrDUDo.n v-1 
nbc'fl! f.hi! b111.nat:t! ~ r··~ strmdlc''). 

11.bnJ S. lb! M!lllCI! sluII Jl!D'id!! b! p-trision Llu1 "ail l:li!ria!s 
~tcd le\·~ ll=e llj!liii::a li_s'!D5 oo dfruity. ln i::::iz ~ IJlll5i.iih ~ 
dilli!rert ~ .ue l!Scd m llfl! .sin~ mhl:a. '11.li! !he b~ I.Im 
fSU\'!des IL lsm Iba! sil!nilimlll fig:zs fur all llDlsia!io C!llHl!Ril!d. 

N:mi 6-Tu l1W. th! UICI! IIll!Cl.s. Iha! pcrllll1111DO! rzquire-
mmu., che!:k OIL am p:iili ml "s:ruithUJ ~ p?S"Form priotfic 
ali b.na:icrn. 

().2 Si:ur¥Jll 'Hot~r, conm.:ion-11:mmn, I for cuanplc., ..... ~. 

!!.15C11boldier, err_ t 
().3 Sir.Ur-A .sinker l'or 112 .,.,;tfi ir:pecimmls of ~nslics ihDL 

lu.\·e specific g ro'lities kss lfmn I .CO. The !Oil:ll:cr lhi1.ll: ( 1) M 

CiOCm sica-n::.simn1: L 2 ~ b11 \-c a specific gmvi ty a£ lllD"I It: ss IJ11m 
1D:. 4:3) ~ SD1aoth. sa.111fuccs .md _. :MEu...l.ar .sh•p!; ~ml 44) be 
di8hlLJ tin,·ier th;w TI&ezury to .sink: rt.Ix .s~'l:".i101m;. Til!IS" 
5ink.er s.hnll lave wi QJJCning I.Cl fm:ilrum 1111Jic.lu:nl!al ltD ~ 

s;pecimm DJld =pie bolder. 
CJ.4 l ll'P.lla.rioR tra1d-A be;iku or ll'lf..m- widl:>"'moulhodl 

HlSZI l'or boldins lbe W"llltr IU1d iau:nc~ s;pecimal. 
CJ.S 'lb:lWIOmEJl!r-A l.bcrmomd1:r 11ra:inble to O.l"C or 

lie.rair. 

.to. Mimiriah 

10.1 Wil.tu--The wumr '11Dll be s:ul»W!tial I) llir-freie- md 
dismillc.,d m dc-mU:Kmlimd ~·111.r:r. 

Nani 1-.-.. m ~ cmh! n!nDm.:I by I\!: a:d coo line ~ ,,.,.i::r;. 
-3" by~ I.he r.\";l\?r cndi!rTXUum · 11 ~\'f-"n~ Y1Etr.l:I 

!Varn~ iSlOY15 cr.:id. ~ill!J u LIE "'~ rlDes ID "RI lhe 
.S.Jl!CIC!i!R, ad:I I li.!w ~ or JJ .... ~Jin!! ~!Jml inb 1.11! ... ~. If -
.scil.IOaa <kl:s. r.ct l\l:t fz spc:"illl!'ll, P&lbc:d ll llbll be 

U. ""Jes~ Specimen 

11 .1 The 1.1::51 .SpL°'Ciou:o .dud] be 11 single ~ of ma~al 

v.i-1.b i1 .siz.e am.I sbape 5Wbbl£ fOI" I.he t~5ti11g D~~ 
JXD~"id'ed thll.I i~ '·clmnc duJ.I] be nol lcs.s tmn I cm llJ1d its; 
w rf-'IJ:IC .111.1!1 ed_gcs :da.11 be nude l.Il100th.. The llii..:'ln.!ll of~ 
5J1«im£1:1 .sEWI be .al 11!".llt I mm Far ca.i:h. t S of rn_gliL A 
5fP'1!Cim£D wcighi:n.!! I ID 5 g w.iu fcruad to be can,miicnt. b.ul 
speciJru:a.s: up to api:mxircatcly SO ,g .ve: 1115o ~(U.bk f~ 
No~ n C.i.re shall be tll:cr.:i ia cuflins ~imcoso io :avoid 
c~ges in dm!:iay romhing from co1t1ixessi~'ll s~ w 
Eril:tion:tl helllin_s. 

Noni i-Specilic::Uiam b- D!fl:lio r.{mtia. ~~ g putic:br m::ib:d 
of .s.pxi= ~o m:.I ~!M bi? ~ted Ir lf?Picble. 

l 1..1 T hie speci.JT1C11 shall be [ mi: from ciL gn:112. ilDdl O'lhG 
farr-igo malter.. 

© Universiti Teknikal Malaysia Melaka 



83 

~ 2.::!. 'l/iiri~ lhc sp;erinxn. lQ Dir. \~i ,!!h lo the ir=t 0. J 1118 
fos s~imms of llLZIS I m IO g and dmsity lns I.flan L.00 
gkm3 _ "Yt'ti,Bb ID dr nlliU'C!i°I. I m:!! far at:hcr spix:i:m.cns. 

1 L! If IU!ICl:SSOll}', llflDl::Ei m ~ l:Wll.D:"ci CL piecl! of fiDe v.1~ 
.ruHkienLl:!i' Ions Ill rexb From 1M hook: .:il>ave thi! pm ID tf:E 
suppan for Ille i:mmasiaci n:SEI. mci !his nse lll'IAl::h lb! 

~ell ID I.be 'll•in:: sud! llut i L i1 s;o~oooo a00111 ~ mm 
aOO'R' ~ '\~!311!! l support. 

Nam IJ-U° ilJ WU!! 15 um l!il!ip .ipri.mr.::o ill .liril&!r~ lr.:im 
~ ""-n. !Ji thil all!., roo:xd lhl! = al lh! ~ a - f z:::m of 
~peDllEll+ p;n, ill .m) - (DUSI. oI vin in mrl. 

m 2.~ 11.toan.ll tM 
0 

ID!DerDoa \"1!2ll!I o n. Ille mppart, and 

.compl~ly 'immcn;e ~ SLCOp!mded IJX'Cimal •arul .smb:a., if 
lf.MdJj in WDlllir l2!!! 10.1) ill IL lli:m~ of lJ + !"C ~ 
~ cnug aat loucb ump& nali:kr ~ s:pecimen Rm\O\~ .?Jl)' 

bublJ(e-.1 mh.ains 1D tlle S!=«ism;IL :wnplc' Ital.du., or s!Qk~r, by 
ruh'bi"'!l th£rc wilh a irin:. I'll.:!" JXldicclW' llllE miaci JD !haln i ci 
tl1l! spoci:inGI aDdl .si:nkcr. If tbc bcllblcs nre oom A!Jllo''Cd b :,. llhis 
nxlhod or if babbles am rontinuoialy fomt~d 411.1. from 
di.ao]~d g11Ses).. the me of UCUDID a mcon:um:nded .,ZIC Mb. 
I m. !Xlcmrlnie ti:r lllJl.55 of lfx wspcndm sr-eci mcn: ID Ihm 
mq;ui=:I pn:cisioci lsee 12.::!. t 1~ t\ou: 1 l . Record llhi~ 

ap~nt = is b ldte IDJl.l03 cf Ou:: ~imm, mtl:u.. if ID£(f, 
w1d tbJ puim:lty imcnErzcl wi~ in li~idt Dlcss al]mra.-iSC1 
s;pecifu::d. 'A·c ig lt rapidl~· in order ID cninim.iu ohsorpticn of 
..n!Er by I.be specillU!'JI. 

Nute 10-Sumt ~ru cay i=Uin ~ Ill" i:Ssmlud I!~• 
or ian.~lies .,,,1Bch ~ ID Wp !1il" t:d?bls; .1ll~' cf llese mrr :Ufoo. Ltz 
dm5iL)l nlm5 ~D!d. [n mdi &:::.lla lfr ~ sp:!CUum DUI)' b: 
tllb}srd lill qruum I repirm TBZI W1ll ~olution of IJ:Gles ms 
.sohmnli;!ly CiC12d be&Ill! 111:1~ (2:~ Ti:rt l'Jdf:od II IL must ako b: 
&monslmled lb.al! the~ of ihil l!dci;z ls.di fD ~ll3 of the l'!ijlllflld 
~me: of p=isilm. 

Nmu J l- 1L llDJ be ~ ID cluase LIE :l!l?lmti'li!7 ~I o( 
lhe h~ lo !Vifimme I.he cbmpin!_! i:Hm of b:: ~ lflCDIDm. 

t!...5 Yli~ii;h ttr s.11mple bolder I and s inkcr. if u::sed J in wlil!U 

w ilJi ill'lcn!!n<ian !lo the .SllDU: di::ptb &S mm iin tlJr !Pt"e';DDS s.kp 
fNoto l ~ wid lJ ~ Record this: ~igh, as.~· ~mzss of lhc sa:inp1:i 
!wider in I iq:uid I. 

Nmu J?-U ;i WU!! u eilld, • IS oom'l!!ll!!li ID mDi lb! ~'I'd of 
io:unssion b-j ~ns o[ "1. 1laJkJ.·N midi 6f.xl in .. ' trif!.. Tiie fili!r ltir 
11;n, ~ lhe l'Dh1ma! 15 ~ in ld,:Ultine I.he ~vet of 
illllDeaioo bel.~n 11.-ci.£.h:ais. Vi v.ilZ' kN! N'o. 36 er 1m!r, disrqanl 
ill ~ll!t5 of~ cal, ifm ~nt<!'f is 1:211, UR~ o! the ,...· II! 
jg :lir ltl w:. 

Nam U - Lh lr •Nire il ~.Ind u Id'! mx.haf lo th.!! E:ab.nD! um 
du;fnl! I mies Gf d!irmri~, ~ Ito! ll1Zll .:l .... 'tlh ~ lid of II 

~ o:a Ille a lher mm af l.h! tu.Ima! or :u !Xctc Q. In s::dt =.. Ol:I! 

1111m II! Lahn 1luJ. ~~~of mms cl lfr wire ffor H11U~ {ram 
mible 'WZ...'"!') retw~ rcadinp does rd e:u:cm ~ desired pieaDaa. 

11.6 Repeal: lhE pmoeda~ far 1hco ll!'luiAKI numbcE" o f 
spec:imEm. y..,.,, specimsis pet' gm;ple all!! recollllDt!nded.. 
Dct e.rmicie ~ility of nmnlicr cl tl!plicaie l.cs.L speci:m.:llS 
by comp;uing C'CSUbs v.-iLh [pfUi:sion d1bi s i'\'t!Jl .iri Tlihl...~ l Kid 
::!... U,...- :addiciano.! .s~nxru if des.111111. 

13. Clllmlniion 

13.J C.akcla.JB the .specific gRYit) of Ilic i:faslic u follow~: 

!Ii' u 2Y"...3<-t: -= d1lJ ~ ,... - ii ) 

wbac: 
a = appcu:tlal nuu;s of s;j:«inKR.. w illwl11 wiR or si~&. iJ:i 

u. 
ib = nppom:lrt m.z:uo vi s p.Ti11tcci l nnd of siakEr, if 1H11d I 

c~ly imm1l~ and " ' llM .,,,;ti! putillll~ iJD­
m1l12J i:n liquid. D.tld 

~· = llf'Pl=lll mass of tna!ly i.rnmcr3rd :sinL-a I if used} 400 
Of po.rti'11Jf i.cnall!RC-d wire. 

U-1 Ca.lcclam tbcr di.:;mity or Oic pl~c as follmn: 

IJEC, k91m1 = lir' l!f 2lt23'C x 1)11.j 

l .3.3 ff tm kmp:.r.Zwt: llr lb! l/tll!r i11 dilien:DL ~:!...TC. 

112 llu: deruity ol wlllm lmnd io T.abte J d iJUtJy, or me the 
follo.,.,."ing E"qu..a1ion.s ilD cOl.bJh1J? .the ¥nsiry ol wuter &'.I les:ti.nj!. 

tempcr:nilll"I!: 

fJimDYG:llll!il Lo 23~ l;!fm.1 

= .sp ~ 1J~ .< IOOU - ft .. - 23 1 < MJ 12, 

and 

v.•b!r'Cr. 
.Y = sJope, 
AD = lliffflml:e bctwtt111 L1X Eo-.."e'.31 Gd hi_!!.lw.sL tm1p<111· 

!Jim Jolcnmce [QI" I.be stwxhud cknnty cf 1111111& 40 ~ 
:?I C - 0 iii J..S"'C). 

Al = difk m m:e bctv.'ft111 lbt! f:rig:tu:st ,and lov.C'.ll le.mp<111-
t111:c rmbmicc rocammaid'.a:I, 121 "C-2.S"C), 

,., = lll!!ll1)Xtlll1il:'C of .a..ic, un.d 
,,.. = lll!!ll1]XCDJ:IJtl! of 'l/t'llJrT. 

1~- Rq>art 

1 .i. J Rqx:irt i:hc ro11a~ 1 ~ i:nf amuitiJm,; 

FJJW~ ~ D.00 >IE C_:Jtm' J....»5S& ll_D~I 

D;~kiwt:li; anr..m11 t.t liTS D.JXf.!:?l C..:ct:ll4 J.OOEE1 M::ssl 
Fuwm"""'" SJ~ u 1112- D.i:ic&U: c.::one :i..:i• 528 Dll31!11 
T:lr:::nz;I t.:;· ;,: D.1Xt!7 C. ::ct31'l ~00761 l'l.D2f 71 
FD\'!. f Qimai t .3'.lllE D.ooi4.3 C.::o£i15 o..OOliJa l.Dt~J 
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TA.m.E 2 Tllilll Matbod B Sp;;rifi11 Grni'tv il'a!lllQd in l..iqi:md11 Othoir Thain W.liifr 

J..'1C2'.l 
.ail21!: 

D.00 :ii. G.OOZU• ~ 
0.00 lm C.311115 ::t.00".:.1:8 

l-Uf'E lil!:l'S llJXlt.Zi: l>.!111Bi.I ~ro'"J.56 
Tali;;m;I 1.3. :;c DJXl· ta G.:11217 ::t.0045:. 

1.D iQ.1 [;..2 Ile::! DA D.5 :>B :.u G.C. llJI 

:2: 111!7..DO-Ca 1173~ ;ii51:l W>lol ll(JTg BE>S2 Bln:J MO: :1·£:.< 'TIIS7 
.22. 1111!7 7rnO :;:m 171E JD.Q; 611 5 6BSi. &-361 611~ 5.38':! 5B"'8 
~ lli7 54:2 5 1-4 .W-.:.C -4811 44:i .4,2 5 3rl1'3 9'i'3: ~ ~.UJ 
~ lli1.zia.4. 'Bq ~ ..?:!!ill :01ECI '17.Q 1""17 1244 ::ax :.'17$ 

~ 1»7~ llZ2l 11~!1'" ~ ;;144-r' ~SS" elllS"' ~ ~ e· :£"' 
"ctilllhMi t1ur. CR:! ~=* d l'.hm'J:ily Lt'd l'!ljl!Z.I 7'gh ;iii 1!111T-1 m· 
~ ~ t~lll :»:oimm ~J •. 

J 4.1.1 Complete idtmli6cD.11ic11J of tJv.: nu'luUJ or product 
te5md. riaclllding cm:luxl of .sp1.cin:Jl!n pr:epru:ntioa nadJ cor.idi­
tiooin g, 

14. 1 ~ Averaf!t! si:wx:i lic gruvil) I rd11li'iC iknsit} ) rar ~II 

5JJ0Cinu:rts fmm .1 gmpli~ Lmi~ cam:lt:ll'd ta 23.0"C CT.Wk l ) 
~ re!Xlrmd .as sp F 2Jr' ••. rc=~ oir a .. ~ demity 
rcporl.Gd o.s D:DC" = _ t:gr'ro3 . 

Nam 14-12qubrt,! ~iL]' !fmil IS ~ pi;;:1va:hJ !hit 
j L is £11!011 upnn b,y 61:! 1111n. 

J 4.1-J A rnc..u~ of Lhc -.SrM of ''Miu.tian of li)X't'.iftc 

gr.rvil} 01" ikMil) ~·ithin the- Jw:npleng Lmil mc:h zs d11.!· st:md.m:I 
d'l".·~1ion Kid nmnlx:r 0£ d~iDlll:ioDS an ~ ll~oous 
ID.llJ.criAJ or Lbc ir~s plus these IDl!amrcs of di5fX!l'lioo oc 
diErermL llD:t'Cl'S oir lln!3!5 al a IJDClha~DEOll3 rnx£lxl 

14.1.4 Rqort !he mmpcral.l!R! of .tlm wulcr: 

J 4.1..5 Rqon. h deruit) 4l1d qR!)Ci Ii.a !!JiU''ir!y wi1h 1.bm: 
rigni fie Mil ftEUJCI. 

m .J.. 1.6 Ao.y e rid'i'!oa! of porosity ol rhc mJllu'ial or l]J"ci­
nxn.. 

l .J.. 1.1 Tlw mdb:K! al IU!s.t I tlia.l i..s. Mcthodl A ofTe".st Mettiod 
0 79!~ .a.nd 

J4.L S Dill.II or IE~. 

l:S. 1-"ncilion ID1ld 'Bim 

~ 5. 1 See S«-lioa ll. 

l"E:ST M CTKO'liJ 8 FOR 1'ESl'l~C: &O LllD .r\LJ\STICS 
lN llQUIDS C!l.TIIER THAN W.t\."l"ER ~'Sl'ECIMf:NS I 

TtO SD . 

16. Scope: 

m fl. 1 TC!! t '~'f~ B 1115!!'5 a. Ii quid c11ttr than '&".I.kl" r CIT 1.1:stin s 
one-pjeoe spzcicncns, L to 50 g, of plul.irs. tlla! are afla.~J liy 
~tl!:r ox an:: Ji:ih..E r thrm wuta. 

n. ppimd.us 

17. L 'lbe ~tm slui.ll iD::l.Dd£ Elie bilwtce_ win:. :111111 
i.nuna-sion ~551!1 of S«tioa ~. ar.id. option:iJIJ. thi! rofkJ,,.,jag: 

17 -2 l')'CP.llllnl"Jrr witlt Thcrmamda--.'\ :!$-mL s;pec:ifLc 
gi:ll'"il) bottle .,.."tl.b l.fxrmome~ or 

17..3 P}'crlollYl~ p}i:nom...-ta oJ 0.:. Weld t:n:ie- prrlu­
nbl) -;i,iflt I C fGrll.)• 0£ lihoull ,"i ml. wxfi 11.D RD: l<:mnJ r:;lfl m-u 
!bl! SUlpfU . 

17 .4 77iomamctn--A l.hcn:m:imis'l.cr ba,i ng Lm di' ls:iom 
f'l?I" ~rel:: Celsius ~r II klllp:nu:ll'! ruD.EC or DOC! bs Ihm 
.s~c or 10"1' illlJo\~ :mdl bdl>W llu.o .s:tandanll IEcnpe~mre, .mdl 
R:i. .. ·mg im in: rc;iDl rm cahl:cuJion.. A ~eCIDCli.llVdr:r short 

enough. In be lundlcdl inside: .lM l:WJUE'i: ell.SC will be .fowidl 
ClC!O'n:Dil::oL AS"TM. ll:iam.onxl.U llC fsr:e Spr.t:i6ntion E I J 
.11.lld A11sdtiitt-lypc 1:1mrcnamct£cs me bc<a faundi :a'lUfm:tar1 
fm lhis purpose. 

17...5 Consti:mt·T~rn ~An~priirtrrorubilll­
~urc bi1lh: n.dj ll!OUd la E!WnLlilii g ferc]~Wlll! of 
l3 - 0.1"C. 

IS. Mat:erillls 

1 !.l 1mmErsfon UqJ.rid-Thc: Jiqlliil med !:~I llDL im-m~. 

s;l!.·cfl. oir OOJZ!n1; i~ :affecl I.he spicicnca, bu:t 3!WI · ·cl i1 ~ 
dlall hci.-..l! .JI S(X!CiiX sm,;.ry I= f.h:m Ui:M al th.c ~imaJ. In 
lldi::liliofl'.. the ; cncn.eman Jiqaid s:ha!J be oo~b~fgrmcopil:, hzi ll 
low ''!!pJF ~IU'CI, n lo'!!.· \ i l:!:"os:ity. IUld ll hi!Jl tliuh pofat. .a:mf 
dllJJ ka..-e Lilife m oo v.1uy DI" ltla)" residue oa e\·iri:orulioa. A 
nam::J"'- eel di.nilledl fmro k~e mRU 1hn:z! rnq,11ilaMJll3 for 
many i:faslK:s. The spoi:iJic gJI\'tt~· 3"2J"C o( die i:nunm:lli:m 
liqgid .s.luJI Ir dmmiincd .s.lmrtl:, b:farc £Ind ~kr ad use jn 
tbi:; nxlhod Lil 11. [1Rcisio11 of Di leasl ().J 'l. rG'biti'R', wil= il 
Im!! !:-. estnbJisl'xld ex~rinxnbl.I)' lo. !&! p:2ii.cul:ir ippl i~ 
tioCI ilf.W. a Jessa f11eq1X~' of di:reaainlLlioa dm IXC\.WS W!i 
di::s ired fX1lC isico. 

N::riv IS-Partlr detBminmaof llz spa::ific l!C~ityerr.JE 1~ I.he 
'ml! of .I. mmbnl plom=i..--1 rX m:i.n ·. alum!' or or >klhDd i\. c. Dr"" or 
Ta Pkthod1 D &QI , i:sinJ! ~ l!lDdilic!J.lioro mpUOO ID v-e ~c 
,pm~ llf'..3"C insts~ ol ~ !fi''r.~ 6Q'(U'fl, u =-mtll!rded. One 
~ ~!'!" IS Liz Wknrin@~ 
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Comm; D~O h~ idfnlified Ill b:ur:iC!ll Li a:~ th •s~.s L."J t:ha sllmi.ml ~111 i.; rt I~ issue ~D 192 • ) 
Jlu1 ~~ illl[m lhe ll!H! fl this: sl.lDtml. t.1u 15, ~ S) 

r r, Dllckd "fcrt11ro la D i S98_ Old Not 1" 6, i1:11d 
"D11llll!eif tJui !lrU lilf Ole . 
(! R \ iK"d Noo: I. ISO S1ml:lnail 
ll) AdcJ..d Guide D <Hl6 ta lkf?Jm~ Dxllll1C11b. 

f J) B.e-d med .Sfi.'rilic gDVit) io by dl~ · B "'JJml ' '1'.i.ICllli.., 
ta '·gi\n •,chual! ... Removed "'C!.lci;J imi~ty or."" 
tJ) Ch.i:n!i.d cum.-y l'lqµilllmrcl for baJwE WJd mnmn­
La in 9.l. 9 ~ . .md JJ1. 

!ol Cl.ui!Xd d: miiion or !O .mrl Led .. _,. in equation in 

Ill 

1( 7) Clur.~ significmil figun:s from ronr 1.o tlm9e hll1Do-
niu: with Gui~ D 6136 in U.U . 

!8 AikEd Nell? S l1Jld No~ 14. 

19) ~iwrul tlwiE~S.. inrlud'.in! ttmo or penni.zi·~~ 

lim!IJl!CS f11JQ1 lhi.: r xi. 

ill n a:rumoo ~ li ~ma:J 
" 1 m- psm:ir 11"'1 m:1 JJJ; 
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