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[bookmark: _Toc72604769]Abstract 
This report provides an overview of tensile testing, discussing the necessity to perform tensile tests and how that is done. It also provides a discussion on what type of materials can be tensile tested and the equipment used to perform tensile tests. 
[bookmark: _Toc72604770]Introduction
Materials used in manufacturing need to be deemed effective and the quality of the material in use needs to be determined in order to bring success in the market. Many materials are exposed to forces or loads when in service, such as a steel bar used in construction for example. It is necessary to know the characteristics of the material in use to foresee any excessive deformation as a result of too much stress and ensure fracture will not occur. Key mechanical design properties are strength, hardness, ductility, stiffness and toughness (Callister JR & Rethwisch, 2014). By performing a tensile test, the performance and effectiveness of the materials ability to stretch when force is placed upon it is determined. The tensile test ultimately determines how much load the material can withstand before breaking quantifying the maximum strength the material obtains (Joseph, 2017). 
[bookmark: _Toc72604771]Tensile Testing 
Various metallic material consume a range of different properties, such as high density, malleability, and ductility. By performing various tests, one is able to determine the properties in which the metallic material holds, governing its engineering application. Tensile testing is used to determine the mechanical behaviour of a material under static axial loading (Clinton, 2018). 
A tensile test is able to acquire information regarding a materia’ls tensile strength, yield strength and the ductility of the metallic material which are required for robust mechanical design and lifetime prediction of a materials behaviour (Kim, et al., 2021) . A tensile test is a “destructive test” which “measures the force required to break a specimen” (N.Saba, et al., 2019 ). 
The up-keep of material quality is able to be provided as performing a tensile test enables a better understanding of the test material by providing information on the mechanical properties of the material. A complete tensile profile is developed by pulling the test material until complete failure. Various curve graphs are established due to the results of the tensile test (stress-strain graphs, load-extension graph) which display the behaviour of a material when force is being applied (Joseph, 2017). 
A tensile test is able to support with the development of new materials and their future applications, as the materials behaviour can be predicted using information gathered from a tensile test (Joseph, 2017).

[bookmark: _Toc72604772]Test Equipment 
There are various instruments available to perform a tensile test. These instruments are equipped with advanced testing software and ancillary devices and are able to pull the test sample at a precise velocity to a precise target. However a tensile test can be performed at a basic level by using a handheld force gauge, which will measure the pull force applied to a sample to determine maximum force (Clinton, 2018). 
Testing machines can be electromechanical or hydraulic, with the primary difference between the two systems being the method by which the load is applied. Electromechanical machines are based on a variable-speed electric motor, a gear reduction system and screws that move the crosshead up or down. This motion loads the sample specimen in tension. The speed of the motor can be changed to alter the change of the crosshead speed. In order to accurately control the speed of the crosshead, a “microprocessor-based closed loop servo system” can be applied. Hydraulic testing machines have a single or dual-acting piston that moves the crosshead up or down. In a manually operated machine, the rate of loading is controlled by a pressure-compensated needle valve adjusted by the operator. For precise control, the needle valve can be replaced with an electrically operated “servo valve” (W.F.Hosford, et al., 2004).
Test Method
The test specimen is typically in a ‘dog-bone’ shape, with the outer edges being longer than the reduced gauge length. The gauge section is the most important part of the specimen. The cross-sectional area of the gauge section is reduced so failure will be localised in this region. The requirements for a tensile specimen are those of “the length of the transition region being be at least as great as the diameter and the total length of the reduced section should be at least four times the diameter” this is avoid end effects (W.F.Hosford, et al., 2004). However, often a test specimen can be a circular bar of uniform cross section (E.J.Hearn, 1997). 
[bookmark: _Toc72604773]The Densen tensile testing machine has a fixed top section and a moveable main body that runs on a slider. The test specimen is loaded into the test machine vertically, clamping either end of the sample into the fixed and moveable jaw, and a 40mm gap is measured between the jaws, creating an area where the tensile break will take place. During the test, the specimen stretches, starts to “neck” before finally fracturing. As the test proceeds, the load and the change in length of the specimen is recorded (Mikell.P.Groover, 2011). 
The data gathered is used to determine the stress-strain relationship in the sample. Two different stress-strain curves can be determined:
1) Engineering stress-strain curve; 

This curve is more of interest during the design phase, as the designer anticipates the strain experienced by the component will not significantly change its shape and can therefore be placed in a suitable service where the component can withstand the anticipated stress. 

2) True stress-strain curve: 
This curve is more important during manufacturing phase as it shows a realistic assessment of the instantaneous elongation per unit length of the testing material (Mikell.P.Groover, 2011). 

Materials that undergo tensile testing
Like metals, modulus of elasticity, yield and tensile strength are the specified parameters of mechanical properties of polymers. A simple tensile test to provide stress-strain information is sufficient to characterise these mechanical properties for most polymetric materials. Polymers are highly sensitive to the rate of deformation, temperature and the chemical nature of the environment, therefore it is necessary for some modification to be made to the testing technique used for metals for polymers, especially for highly elastic materials such as rubber. Typically, there are three different types of stress-strain behaviour found in polymetric materials. 
1) A brittle polymetric material will fracture while deforming elastically.
2) A plastic material will behave similarly to that of many metallic materials, where the initial deformation is elastic, followed by yielding and a region of plastic deformation.
3) Elastomers display total elasticity. 
Metals and polymers determine modulus of elasticity and ductility in percent of elongation in the same manner. The yield point for a plastic polymer is taken as a maximum on the curve occurring just beyond the end of the linear-elastic region. At this maximum, the stress is the yield strength. Tensile strength corresponds to the stress at which fracture occurs, which can be greater or less than the yield strength. Plastic polymers usually associate strength as tensile strength (Callister JR & Rethwisch, 2014). Polymers are mechanically dissimilar to metals in many respects. The modulus, for example, for a highly elastic polymer may be as low as 7MPa but can run as high as 4GPa for some very stiff polymers, whereas a modulus value for metals are much larger and range between 48 and 410GPa. The maximum tensile strength for polymers is in the 100MPa region and some metal alloys have a maximum strength of 4100MPa. Metal rarely elongate plastically to more than 100%, whereas highly elastic polymers may experience elongation of greater than 1000%. Mechanical characteristics of polymers are sensitive to temperature and increasing the temperature generally makes the materials softer and more ductile, which is also seen when decreasing the rate of deformation (Callister JR & Rethwisch, 2014). 
Elastomers have the ability to be deformed to quite large deformations and return to their natural form when stress is removed. This results from crosslinks within the polymer that provide a force to restore the chains to their un-deformed conformations. In an unstressed state an elastomer is amorphous and composed of a series of crosslinked molecular chains that are extremely twisted and coiled. Upon application of a tensile load, the elastic deformation occurring is the partial uncoiling and untwisting of the molecular chains resulting in elongation of the chains in the stress direction. When stress is released, the chains spring back to their prestressed form (Callister JR & Rethwisch, 2014).
A composite is a multiphase material that is artificially made, where the constituent phases are chemically dissimilar and separated by a distinct interface. Various metals, ceramic and polymers are combined to create a composite with improved mechanical characteristics such as stiffness, toughness and ambient and high temperature strength. Many composites are composed of two phases, namely the matrix and the dispersed phase. The properties of the composite are a function on the properties in the constituent phases, their relative amounts, and the geometry of the dispersed phase (Callister JR & Rethwisch, 2014). Composite materials longitudinal tensile strength is determined by the strength and volume content of the fibre reinforcement. The fibres determine the ultimate strength of the composite, as the breaking strength of the fibres is greater than the strength of the polymer matrix. The fibre strengths are characteristically 50 to 100 times higher than the matrix, consequently, the strength of the matric has little influence on the in-plane tensile strength of composite materials (Mouritz, 2012).
If a fibre-reinforced composite that consisted of a brittle fibre and a reasonably ductile matrix phase was put under stress, the initial stage would consist of both fibres and matrix deforming elastically. This is represented during the linear part on a curve. The matrix then yields and deforms plastically while the fibres continue to stretch elastically, where the tensile strength of the fibres is significantly higher than the yield strength of the matrix. The process now continues into to stage 2, which is typically linear but of diminished slope relative to stage 1. While passing from stage 1 to stage 2, the proportion of the applied load tolerated by the fibres increases. As the fibres start to fracture, the onset of complete failure begins. Composite failure is not catastrophic due to a number of reasons:
· Not all fibres fracture at the same time.
· There is considerable variations in fracture strength of brittle fibre material. 
· After fibre failure, the matrix is still intact, leaving the fractured fibres, which are shorter than the original, embedded within the intact matrix, which subsequently are capable of sustaining diminished load as the matrix continues to plastically deform (Callister JR & Rethwisch, 2014).

[bookmark: _Toc72604774]Common Results from tensile testing
Tensile properties are included in material specifications to ensure quality. A table of common results from tensile testing according to Clinton, 2018 and W.F.Hosford, et al., 2004.
	Tensile Property
	

	Tensile Strength
	This is the maximum stress that a material can withstand. Tensile strength can also be measured in terms of the stress necessary to cause substantial plastic deformation.

	Ductility
	Measures how much deformation can occur before fracture. 

	Elasticity
	The materials ability to be pulled to a stress value while returning to its original length when stress is removed without causing deformation. 

	Elastic Limit
	Is the value of the highest degree of stress the material can withstand before permanent deformation 

	Yield Strength
	Determined when the material has gone beyond its elastic limit 

	Modulus
	Is the measurements of a materials stiffness, the more stiffness, the less deformation of the material under loading

	Elongation
	Is strain, the present of change in length from the samples original gage length prior to force being applied to its ultimate length as an applied force



During tensile testing the material will deform laterally and axially. Poisson’s ratio is the comparison of a materials lateral deformation to the axial or longitudinal deformation (Clinton, 2018). For most materials, the initial portion of the test display a linear relationship with the forces applied (Joseph, 2017). Hooke’s Law states that the force producing deformation is proportional to the deformation that is produced which is represented during this linear portion of a stress-strain graph (Smith & P.Horlroyd, 1968). 
The output of a tensile test is recorded as load versus elongation, however, the load deformation characteristics depend on the specimen size. To minimize these geometrical factors, load and elongation are normalised to the respective parameters of stress and strain. Stress is defined by the relationship force/area, where force is the instantaneous load applied perpendicular to the specimen cross section measured in Newtons (N) and the area is the original cross sectional area before any load is applied, measured in meters squared (M2). The units of engineering stress is Megapascals (MPa). 
Engineering stress is defined as the change in length/original length. Engineering strain is unitless. 
[image: A typical stress–strain curve for polymer film undergoing tensile strain testing  ]












Image 1: Stress/Strain graph (Hoag, 2012).
The above image is an example of a typical stress strain curve illustrating the behaviour of a material when subjected to load. Stresses are plotted on the vertical axis with corresponding strain plotted along with horizontal axis. The image illustrates the various stages a ductile material endures before final fracture. The stages include the limit of proportionality, where stress and strain remain proportional, and the elastic limit, which is the limiting value of stress up to which the material is perfectly elastic. The material will return to its original position if the elastic limit has not been exceeded. The yield stress point is defined as “the stress after which material extension take place more quickly with no or little increase in load” (Afsar, 2014). It is important to know the stress level at which plastic deformation begins as most structures are designed to ensure that elastic deformation will only occur when stress is added and no permanent change in shape will occur when a stress is applied to ensure the material is suitable for its intended function (Callister JR & Rethwisch, 2014). The next important stage is the ultimate stress point, which is the point at which maximum strength is apparent as the material bears the maximum stress applied before breaking. The final stage is the breaking stress, which is where the strength of the material breaks (Afsar, 2014).

[bookmark: _Toc72604777]Conclusion
This report has detailed why tensile tests are a vital element of the design and production process in order to consider, identify and utilise the most appropriate material for a given service, from a variety of options. The absence of such tests could have catastrophic results, as identified in some of the world’s most serious construction disasters, leading not only to possible total failure of the material used but also to potential loss of life. In addition to the necessity for such tests, it is also crucial that the results are correctly interpreted and acted upon.
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