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TASK DESCRIPTION





Section 1 – Tensile Test

Task Information:
· Undertake tensile tests on two different material samples.
· A fully referenced report is required in the correct format.
· It would be expected that the report would describe the reasons why tensile testing is used in industry.
· The results presented should provide clear graphs and clearly show important features such as:

· Young’s Modulus
· UTS
· %elongation
· Elastic Limit
· Yield Point

· The report should also make comparisons with standard data for the materials investigated and any reasons for deviation explained

· The report should also make comparisons with tensile test regimes on other types of materials.






















Learner Instructions

· Show full workings out.
· Show all formula used
· Work should be supported by diagrams where appropriate.
· Use appropriate and realistic degrees of accuracy for your answers.
· Ensure that the correct unit is used for each answer throughout.
· Use blue or black pen. Pencil for graphs and diagrams.
· Work should be presented in the form of a technical report, including a contents page and front cover.
· Please include this brief in your report.
· State all assumption made
· Note that plagiarism is NOT acceptable. See front page for evidence declaration.

The assignment deadline is printed on the covering sheet. Late work will be penalised accordingly. If an extension is required, please refer to the procedure in the course handbook.

The laboratory report for this assignment must include the following:
 
· Aims
· Applicable Theory
· Equipment List and Labelled Sketch/Picture
· Procedure
· Analysis / Calculations
· Results
· Conclusions


	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set.    You should provide evidence that you have accessed an appropriate range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 

Guidance specific to this assessment: You must provide evidence of your literature research into the testing methods used and their relevance and use in industry.


2. Knowledge and Understanding Skills
At level 4, you should be able to demonstrate knowledge of the underlying concepts and principles associated with your area(s) of study.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding. 

Guidance specific to this assessment: You should include evidence of your understanding of the theories and methods used during the testing of the materials.


3. Cognitive and Intellectual Skills
You should be able to present, evaluate and interpret qualitative and quantitative data, in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of your subject(s) of study. You should be able to evaluate the appropriateness of different approaches to solving problems related to your area(s) of study and/or work. Your work must contain evidence of logical, analytical thinking. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? You should provide justification for your arguments and judgements using evidence that you have reflected upon the ideas of others within the subject area and that you are able to make sound judgements and arguments using data and concepts.  Where relevant, alternative solutions and recommendations may be proposed.

Guidance specific to this assessment: Your reports on both tests should include evaluation of the data recorded and how this compares with published data, to include possible reasons for any deviation.


4. Practical Skills
At level 4, you should be able to apply the basic underlying concepts and principles to evaluate and interpret these within the context of your area of study. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  

Guidance specific to this assessment: Your report should show evidence of your understanding of the practical use of the testing equipment used and how they are used practically in industry.


5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.  This includes demonstrating: that you can communicate the results of your study/work accurately and reliably, and with structured and coherent arguments; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.


Guidance specific to this assessment: Your report should be well organised and presented in a professional manner, with all sources correctly referenced.











	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
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	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	
	

	A bibliography is included but little evidence of referencing within the text.





	
	4

	
	10
	

	2. Knowledge and Understanding Skills

	
	

	Shows a good understanding of the underlying principles of tensile testing. However, some of the results are not what might be expected, the discussion on this could be more in depth and investigative.





	
	12

	
	20
	

	3. Cognitive and Intellectual Skills

	
	

	Sound evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately





	
	24

	
	40
	

	4. Practical Application Skills

	
	

	A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application.





	
	12

	
	20
	

	5. Transferable Skills for Life and Professional Practice

	
	

	The work is well organised and as might reasonably be expected for a technical report. Conclusions were not as in depth as could be expected.



	10
	5

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	57%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
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	GENERIC ASSESSMENT CRITERIA



	Level 4

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 4 students will be expected to have demonstrated knowledge of the basic underlying concepts and principles of a subject, and an ability to evaluate and interpret these within the context of that area of study. They should be able to present, evaluate and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of their subject(s) of study. They will have learned how to evaluate different approaches to solving problems, and will be able to communicate the results of their study/work accurately and reliably, and with structured and coherent arguments. They will be able to undertake further training and develop new skills within a structured and managed environment and will have the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.



	Level 4
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources but with some reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.
	Engagement with an appropriate range of literature, including sources retrieved independently. Some over-reliance on texts rather than other sources. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources.  Generally sound referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature. High-level referencing skills consistently applied.

	Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)
	Major gaps in knowledge and understanding of the basic underlying concepts and principles of the subject matter. Inclusion of irrelevant material.  Substantial inaccuracies. 
	Gaps in knowledge of the basic underlying concepts and principles, with flawed or superficial understanding. Some significant inaccuracies and/or irrelevant material.  
	Limited knowledge and understanding of the basic underlying concepts and principles within the subject area. Some elements may be missing. 
	Knowledge of the basic underlying concepts and principles is accurate with a good understanding of the field of study but lacks depth and/or breadth.
	Competent knowledge of the basic underlying concepts and principles.  Exhibits very good understanding. 
	Excellent knowledge and understanding of the basic underlying concepts and principles of the subject. 
	Exceptional, detailed knowledge and understanding of the basic underlying concepts and principles

	Cognitive and intellectual skills 
(Evaluate underlying concepts and principles of a subject and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements.) 


	Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts and principles.
Failure to develop arguments, leading to illogical or invalid judgements. Minimal or no use of evidence to back up views.

	Largely descriptive work, with superficial evaluation of the underlying concepts and principles. Weak interpretation of data, flawed development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.
	Limited attempt at evaluation of the underlying concepts and principles, tending towards description.
Can interpret qualitative and quantitative data but with some errors. Some evidence to support emerging arguments and judgements but these may be underdeveloped or with a little inconsistency / mis-interpretation.
	Good evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data, with minor errors.
An emerging ability to use evidence to support the argument.
Mostly valid arguments and logical judgements. 
	Sound evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately. Ability to devise arguments using evidence to make mostly appropriate and valid judgements. 

	Excellent evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately and with some insight. Excellent ability to devise arguments using evidence and make appropriate and valid judgements. 
	Exceptional evaluation of the underlying concepts and principles based evidence. Outstanding interpretation of qualitative and quantitative data.
Exceptional ability to devise arguments using evidence and make wholly appropriate and valid judgements. 

	Practical skills
(Different approaches to solving problems in particular contexts.)

	Limited or no use of taught, basic methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Very weak evidence of different approaches to problem-solving in particular contexts. 
	Rudimentary application of taught, basic methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak evidence of different approaches to problem-solving in particular contexts.


	An adequate awareness and mostly appropriate application of basic methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. 
Can identify problems in particular contexts and propose basic alternative approaches or solutions though there may be errors. 
	A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. 
Good evidence of different approaches to problem-solving in particular contexts and proposes mostly appropriate solutions.
	A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions.
	An advanced application of a range of taught, basic methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Excellent evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions. 

	Exceptional levels of application and deployment skills in particular practical contexts. Outstanding identification of problems in particular contexts and formulation of wholly appropriate, thoughtful solutions / different approaches.




	Transferable skills for life and professional practice
(Communicate the results of their study/work accurately and reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise of some personal responsibility within a structured and managed environment.)
	Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Failure to work effectively individual or as part of a group. Little or no evidence of the skills for employment requiring the exercise of some personal responsibility.


	Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Flawed approach to individual or group work, meeting only partial obligations to others. Limited evidence of the skills for employment requiring the exercise of some personal responsibility.
	Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as part of a group, meeting most obligations to others but perhaps with limited involvement in group activities.
Demonstrates the basic skills for employment requiring the exercise of some personal responsibility, with some areas of minor weakness.
	Mostly coherent, organised and accurate work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities.
Demonstrates the skills for employment requiring the exercise of some personal responsibility, with some areas of strength and some of minor weakness.
	Work is accurate, coherent, fluent, well-structured and organised. 
Can work effectively independently and/or as part of a team, with very good contribution to group activities. Demonstrates very good skills for employment requiring the exercise of some personal responsibility, with just occasional minor weakness.
	Work is coherent, very fluent and is presented professionally. Can work effectively independently and/or as part of a team, with an excellent contribution to group activities. Demonstrates excellent skills for employment requiring the exercise of some personal responsibility with an appetite for further development.

	Work is accurate, exceptionally coherent, very fluent and presented well. Can work effectively independently and/or as part of a team, with an exceptional contribution to group activities. Demonstrates exceptional skills for employment requiring the exercise of some personal responsibility with an appetite for further development.
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Introduction

This assignment will show the results of three different specimens that have undergone a tensile test. The results will be displayed statistically and graphically. Important information shown on the engineering stress and strain curve will be identified and evaluated. An explanation of how the tested results compares to standard data for each material. The three material that have been tested are Brass (Hard drawn), Brass (Annealed) and 0.4% Carbon Steel. The importance of tensile testing within industries will also be discussed along with types of tensile testing regimes on other materials. 





Report

Tensile testing is a common type of testing that is carried out through all industries that use, manufacture, produce raw metals or even finished metal products. It is a destructing form of testing ensures that the material specimen is safe, high quality material and reduces the chance of the metal failing when used. Tensile testing is defined as ‘Tensile test is a test method for determining the properties of a material under axial tensile load. The data obtained from the tensile test can determine the material's elastic limit, elongation, elastic modulus, proportional limit, area reduction, tensile strength, yield point, yield strength, and other tensile properties.’- Haida (2018)

Figure 1 – Tensile Tester

specimen
Strain Gauge

















Adapted from Fig. 6.3, Callister 7e.  (Fig. 6.3 is taken from H.W. Hayden, W.G. Moffatt, and J. Wulff, The Structure and Properties of Materials, Vol. III, Mechanical Behavior, p. 2, John Wiley and Sons, New York, 1965



Results 
Brass Hard Drawn 

The gauge length of the hard drawn brass specimen is 50mm.
The diameter of the specimen is 6mm. 
The gauge length and diameter need to be converted to meters from millimetres. To do this, divide the millimetre value by 1000.

Specimen gauge length = 


Specimen gauge diameter = 

The cross-sectional area of the specimen needs to be calculated to allow for calculating the stress. The cross-sectional area can be calculated using the following equation:




To calculate the cross-sectional area, we need the radius of the specimen. To do this divide the diameter by 2. 

Specimen gauge radius = 



Substituting the given values into                the cross-sectional area can be determined. 



Once the area of the specimen is known. The stress can be calculated when different loads are applied. To calculate the stress, we use the following equation:




Where, 

 Stress (kPa)
 Applied load (kN)
 Cross-sectional area (m²)



Substitute the values into the equation to find the stress value of the specimen when a particular load is applied. The first load tabulated is 0.527kN. 






Figure 2 – Screenshot of Appendix 1 showing stress value when applied load is 0.527 kN

[image: ]


The next step is to calculate the strain on the specimen. ‘Strain is defined as the change in shape or size of a body due to deforming force applied on it’ – Kumarin, A (2018)

The equation used to calculate strain is:


As strain is a ratio of length is does not have any form of unit. It is dimensionless.

As the strain value is determined by the change in length and original length of the specimen, the change in length and original length needs to be in meters. The specimen length has already been converted; the same principle applies to the specimen extension length. 

From the data in Appendix 1 the first extension is 0.0004m when a 0.527kN load is applied. The strain value will be: 





Figure 3 – Screenshot of Appendix 1 showing strain value when there is a 0.0004m extension.

[image: ]



Now that the strain value is known, the % elongation of the specimen can be calculated. Percentage elongation is the change in length of a specimen after it has undergone a tensile load.  % elongation can be calculated using the following equation: 




Substitute in value for when a 0.527kN load is applied. 




Figure 4 – Screenshot of Appendix 1 showing % elongation when there is a 0.0004m extension.
[image: ]

See Appendix 1 for all calculations surrounding Brass hard drawn. 






A stress and strain diagram displays the behaviour of a material when under a load. A range of key features are displayed/determined such as: Youngs modulus, Ultimate tensile strength, elastic/plastic regions and the point of failure. 

Figure 5- Brass Hard Drawn Stress & Strain diagram


The blue line showing in the chart is line being plotted against the stress and strain values in Appendix 1. The red line is an off set of 0.2%of the rising section of the blue line. This line is used to identify the yield point on the diagram, unlike the steel stress strain diagram, the yield point is not clear. The yield point of Figure 1 is where the BLUE and RED line intersect. The young’s modulus is calculated from taking the gradient from the diagram in the elastic region, left of the yield point. By using the offset method, the elastic region can be established on the diagram and the Young’s modulus determined.
The Youngs Modulus defines the stiffness of a material or the relationship between applied stress and strain on the material in the elastic or linear region of the engineering stress-strain curve. The young’s modulus can be calculated by using the gradient of the diagram in the elastic region. Youngs modulus is measured in (E in N/m²)


The Youngs modulus can be calculated using the following equation: 




An alternative method to determine the Youngs modulus if unable to read of the diagram, the following equation can be used. 



Any two stress and strain values can be used as long as they are within the elastic region.



Hard drawn brass has a Youngs modulus of ‘102-125GPa’- Engineering Toolbox (2003)

Possible reasons for the difference in the calculated data and the standard data are:
· The test specimen may have already been used and therefore fatigued; this would lead to a lower Young’s modulus value. 
· The temperature of the test specimen when tested may have been above room at room temperature. The higher the temperature of the material, the smaller Young’s modulus value will be obtained. 
· 
The yield point on an engineering stress-strain curve is the point where a material enters the plastic region and permanent tensile deformation occurs. The yield point on the curve is the relationship between yield stress and yield strain. The yield point of Figure 5 is when the stress is 231.2MPa. 

The stress strain curve can indicate what the UTS value of a material is. The ultimate tensile strength is the maximum stress level of a material before it begins to neck or fracture on an engineering stress-strain curve. The units for measuring ultimate tensile strength are Pascals.
The UTS can be determine by reading of the diagram or by selecting the highest stress value from Appendix 1. The UTS value is 274.2MPa.

The elastic limit of a material is when it will not be able to return to the original length once the load is removed. If the material is stressed to a point where it exceeds the elastic limit, it will begin to deform plastically, and the specimen will not return to its original length once the load is removed. 

Figure 6 – Sketch of Hard Drawn Brass Stress & Strain Curve


[image: ]

Figure 6 is sketch of Figure 5, but it identifies the important features of the stress and strain curve. The curve shows that the material can undergo a large amount of plastic deformation before failure, this shows that hard drawn brass is a ductile material. Once the UTS is reached the material will begin to neck as it is a ductile material, it will keep on necking until the point of failure. 










Annealed Brass

The gauge length of the hard drawn brass specimen is 50mm.
The diameter of the specimen is 6mm. 
The gauge length and diameter need to be converted to meters from millimetres. To do this, divide the millimetre value by 1000.

Specimen gauge length = 


Specimen gauge diameter = 

The cross-sectional area of the specimen needs to be calculated to allow for calculating the stress. The cross-sectional area can be calculated using the following equation:




To calculate the cross-sectional area, we need the radius of the specimen. To do this divide the diameter by 2. 

Specimen gauge radius = 



Substituting the given values into                the cross-sectional area can be determined. 



Once the area of the specimen is known. The stress can be calculated when different loads are applied. To calculate the stress, we use the following equation:




Where, 

 Stress (kPa)
 Applied load (kN)
 Cross-sectional area (m²)



Substitute the values into the equation to find the stress value of the specimen when a particular load is applied. The first load tabulated is 0.527kN. 







Figure 6– Screenshot of Appendix 2 showing stress value when applied load is 0.099 kN
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To calculate the strain on the specimen, the equation used is:



As strain is a ratio of length is does not have any form of unit. It is dimensionless.

As the strain value is determined by the change in length and original length of the specimen, the change in length and original length needs to be in meters. The specimen length has already been converted; the same principle applies to the specimen extension length. 

From the data in Appendix 2 the first extension is 0.0002m when a 0.099kN load is applied. The strain value will be: 











Figure 7 – Screenshot of Appendix 2 showing strain value when there is a 0.0002m extension.
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Once the strain value is known for each load, the percentage elongation can be determined. Percentage elongation is the percentage change in length of a specimen after it has undergone a tensile load.  Percentage elongation can be calculated using the following equation: 




Substitute in value for when a 0.099kN load is applied. 




Figure 8 – Screenshot of Appendix 2 showing % elongation when there is a 0.0002m extension.


[image: ]


See Appendix 2 for all calculations surrounding Brass hard drawn. 


Figure 9- Annealed Brass Stress & Strain diagram





Figure 9 required to use an offset of 0.2% as it is difficult to determine the yield point. The Young’s modulus can be calculated by taking the gradient from the 0.2% offset line.
The Youngs modulus can be calculated using the following equation: 




An alternative method to determine the Youngs modulus if unable to read of the diagram, the following equation can be used. 



Any two stress and strain values can be used as long as they are within the elastic region.



Hard drawn brass has a Youngs modulus of 102-125GPa- Engineering Toolbox (2003)

Possible reasons for the difference in the calculated data and the standard data are:
· The test specimen may have already been used and therefore fatigued; this would lead to a lower Young’s modulus value. 
· The temperature of the test specimen when tested may have been above room temperature. The higher the temperature of the material, the smaller Young’s modulus value will be obtained. 

The yield point on an engineering stress-strain curve is the point where a material enters the plastic region and permanent tensile deformation occurs. The yield point on the curve is the relationship between yield stress and yield strain. The yield point of Figure 9 is when the stress is 84.3MPa. 

The stress strain curve can indicate what the UTS value of a material is. The ultimate tensile strength is the maximum stress level of a material before it begins to neck or fracture on an engineering stress-strain curve. The units for measuring ultimate tensile strength are Pascals.
The UTS can be determine by reading of the diagram or by selecting the highest stress value from Appendix 1. The UTS value is 249.7MPa.

The elastic limit of a material is when it will not be able to return to the original length once the load is removed. If the material is stressed to a point where it exceeds the elastic limit, it will begin to deform plastically, and the specimen will not return to its original length once the load is removed. 





























Figure 10 – Sketch of Annealed Brass Stress & Strain Curve

[image: ]



Figure 10 is sketch of Figure 9. The curve shows that the material can undergo a large amount of plastic deformation before failure, this shows that annealed brass is a ductile material. Once the UTS is reached the material will begin to neck as it is a ductile material, it will keep on necking until the point of failure. 




















0.4% Carbon Steel


The gauge length of the hard drawn brass specimen is 50mm.
The diameter of the specimen is 6mm. 
The gauge length and diameter need to be converted to meters from millimetres. To do this, divide the millimetre value by 1000.

Specimen gauge length = 


Specimen gauge diameter = 

The cross-sectional area of the specimen needs to be calculated to allow for calculating the stress. The cross-sectional area can be calculated using the following equation:




To calculate the cross-sectional area, we need the radius of the specimen. To do this divide the diameter by 2. 

Specimen gauge radius = 



Substituting the given values into                the cross-sectional area can be determined. 



Once the area of the specimen is known. The stress can be calculated when different loads are applied. To calculate the stress, we use the following equation:




Where, 

 Stress (kPa)
 Applied load (kN)
 Cross-sectional area (m²)



Substitute the values into the equation to find the stress value of the specimen when a particular load is applied. The first load tabulated is 0.110kN.






Figure 11 – Screenshot of Appendix 3 showing stress value when applied load is 0.110 kN

[image: ]















To calculate the strain on the specimen, the equation used is:



As the strain value is determined by the change in length and original length of the specimen, the change in length and original length needs to be in meters. The specimen length has already been converted; the same principle applies to the specimen extension length. 

From the data in Appendix 3 the first extension is 0.0m when a 0.110kN load is applied. The strain value will be: 










Figure 12 – Screenshot of Appendix 3 showing strain value when there is a 0.0m extension.
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Now that the strain value is known, the % elongation of the specimen can be calculated. Percentage elongation is the change in length of a specimen after it has undergone a tensile load.  % elongation can be calculated using the following equation: 




Substitute in value for when a 0.527kN load is applied. 




Figure 13 – Screenshot of Appendix 3 showing % elongation when there is a 0.0m extension.

[image: ]

See Appendix 3 for all calculations surrounding 0.4% Carbon Steel. 



Figure 14- 0.4% Carbon Steel Stress & Strain diagram





The Young’s modulus can be calculated by taking the gradient from the curve when it is the elastic region.
The Youngs modulus can be calculated using the following equation: 




An alternative method to determine the Youngs modulus if unable to read of the diagram, the following equation can be used. 



Any two stress and strain values can be used as long as they are within the elastic region.



Hard drawn brass has a Youngs modulus of ‘200GPa’- Engineering Toolbox (2003)






Possible reasons for the difference in the calculated data and the standard data are:
· The test specimen may have already been used and therefore fatigued; this would lead to a lower Young’s modulus value. 
· The temperature of the test specimen when tested may have been above room temperature. The higher the temperature of the material, the smaller Young’s modulus value will be obtained. 
· The material could have contained impurities, which would affect the mechanical properties of the specimen. 

The yield point on an engineering stress-strain curve is the point where a material enters the plastic region and permanent tensile deformation occurs. Steel stress and strain diagrams have an upper and lower yield point. The upper yield point is when the maximum stress is required for the material to plastically deform. The lower yield point is when the minimum amount of stress is required for material its plastic. 

The UTS can be determine by reading of the diagram or by selecting the highest stress value from Appendix 1. The UTS value is 463.1MPa.

The elastic limit of a material is when it will not be able to return to the original length once the load is removed. If the material is stressed to a point where it exceeds the elastic limit, it will begin to deform plastically, and the specimen will not return to its original length once the load is removed. 























Figure 15 – Sketch of 0.4% Carbon Steel Stress & Strain Curve
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Figure 15 is sketch of Figure 14. The curve shows that the material can undergo a large amount of plastic deformation before failure, this shows that 0.4% Carbon Steel is a ductile material. Once the UTS is reached the material will begin to neck as it is a ductile material, it will keep on necking until the point of failure.
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Appendix 2
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Brass Hard Drawn Stress & Strain Diagram
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Annealed Brass Stress & Strain Diagram
4.0000000000000002E-4	7.8761800000000002E-4	1.59285E-3	2.3980799999999999E-3	3.1929200000000001E-3	3.9981599999999997E-3	4.9072799999999991E-3	5.7436800000000001E-3	6.5437199999999994E-3	7.3333599999999997E-3	8.133399999999999E-3	8.9438199999999999E-3	9.7282799999999989E-3	1.0632200000000001E-2	1.1427039999999999E-2	1.2227079999999998E-2	1.3016719999999999E-2	1.3821959999999999E-2	1.4616800000000001E-2	1.55675E-2	1.637272E-2	1.7172759999999999E-2	1.7967599999999997E-2	1.8772819999999999E-2	1.9567659999999997E-2	2.0435200000000001E-2	2.1245599999999996E-2	2.2035399999999997E-2	2.2835399999999995E-2	2.3630199999999997E-2	2.4430199999999999E-2	2.5391199999999999E-2	2.6191399999999997E-2	2.6996599999999999E-2	2.7791399999999997E-2	2.85966E-2	2.9448599999999995E-2	3.0253800000000001E-2	3.1064199999999997E-2	3.1864400000000001E-2	3.2659199999999999E-2	3.3453999999999998E-2	3.4254E-2	3.5163199999999999E-2	3.5968399999999998E-2	3.6768399999999993E-2	3.7573599999999999E-2	3.83632E-2	3.9168599999999991E-2	4.0077599999999998E-2	4.0882800000000004E-2	4.1683000000000005E-2	4.2483E-2	4.3282999999999988E-2	4.40778E-2	4.5002599999999997E-2	4.5807799999999996E-2	4.6602600000000001E-2	4.74078E-2	4.8202599999999998E-2	4.9090999999999996E-2	4.9901400000000005E-2	5.0701599999999993E-2	5.1501599999999995E-2	5.2306800000000001E-2	5.3101599999999992E-2	5.3896399999999997E-2	5.4868E-2	5.5667999999999988E-2	5.64628E-2	5.7262800000000003E-2	5.8067999999999995E-2	5.8857799999999988E-2	5.97356E-2	6.0530600000000004E-2	6.1325399999999995E-2	6.2141000000000002E-2	6.2925399999999992E-2	6.381379999999999E-2	6.4930799999999997E-2	6.5725599999999995E-2	6.652559999999999E-2	6.7325599999999999E-2	6.8125599999999994E-2	6.952839999999999E-2	7.0333599999999996E-2	7.1128399999999994E-2	7.1928400000000003E-2	7.2728399999999999E-2	7.3528399999999994E-2	7.4442800000000003E-2	7.5242799999999999E-2	7.6037599999999997E-2	7.6843000000000009E-2	7.7648200000000001E-2	7.8437799999999988E-2	7.9357399999999995E-2	8.0152199999999993E-2	8.0957399999999985E-2	8.1762599999999991E-2	8.2557399999999989E-2	8.3352199999999987E-2	8.4344599999999992E-2	8.513939999999999E-2	8.5944599999999996E-2	8.6749800000000002E-2	8.7554999999999994E-2	8.8365399999999983E-2	8.9196799999999993E-2	8.9996799999999988E-2	9.0796799999999997E-2	9.1596799999999992E-2	9.2396800000000001E-2	9.3186399999999989E-2	9.4126799999999997E-2	9.4921599999999995E-2	9.572159999999999E-2	9.6521799999999991E-2	9.7326999999999983E-2	9.8121799999999995E-2	9.9046400000000007E-2	9.98362E-2	0.10063699999999999	0.101437	0.1022474	0.10300579999999999	0.10389939999999998	0.1046786	0.1054996	0.10629960000000001	0.1070996	0.10788919999999998	0.10883480000000001	0.1096244	0.11042439999999998	0.11121399999999999	0.11202439999999998	0.1129076	0.11371799999999999	0.11451799999999999	0.1153182	0.11612859999999998	0.1169182	0.1178326	0.11864299999999998	0.11944299999999999	0.12024299999999999	0.12105339999999999	0.12183260000000001	0.12263279999999999	0.123599	0.124399	0.12521979999999996	0.12599919999999998	0.12680959999999999	0.1275992	0.12871099999999999	0.12951099999999999	0.13031099999999998	0.13111100000000001	0.13189019999999999	0.13338639999999999	0.13418639999999998	0.13500719999999999	0.13578659999999998	0.136597	0.1374698	0.13834260000000001	0.13914260000000001	0.1399426	0.14075299999999999	0.1415322	0.14237379999999999	0.143205	0.14400499999999997	0.1448052	0.14560519999999999	0.14640519999999999	0.14727799999999999	0.14807799999999999	0.14887799999999998	0.15002099999999999	0.1508314	0.1516314	0.15300279999999999	0.15381339999999999	0.15461339999999998	0.15541340000000001	0.15620299999999998	0.157003	0.15797979999999998	0.15876939999999998	0.15956939999999997	0.16036940000000002	0.16116939999999999	0.16201099999999999	0.16336179999999997	0.16414100000000001	0.164941	0.1657516	0.16653080000000001	0.16772559999999997	0.16918019999999998	0.16994899999999999	0.17140359999999999	0.17261939999999998	0.1734194	0.17422979999999996	0.17501939999999999	0.17582979999999998	0.17674419999999999	0.17755460000000001	0.1787184	0.17951839999999999	0.18031839999999999	0.18114959999999999	0.18245879999999998	0.18324839999999998	0.18404839999999997	0.18484839999999997	0.18564839999999999	0.1864692	0.1873628	0.18816279999999996	0.18896299999999999	0.18975259999999997	0.19069800000000001	0.19178899999999999	0.19257860000000002	0.19337859999999998	0.19492679999999998	0.19571639999999996	0.1971088	0.1979088	0.1986984	0.19947759999999998	0.20049199999999998	0.20130199999999995	0.20211200000000001	0.20321399999999998	0.20398199999999997	0.204814	0.20560400000000001	0.20699599999999999	0.207764	0.20859599999999998	0.20938600000000002	0.21088200000000001	0.21190000000000001	0.21268999999999999	0.21395600000000001	0.21474599999999999	0.21555599999999997	0.21642999999999998	0.217198	0.21798799999999999	0.21921399999999996	0.22000399999999998	0.22079399999999999	0.22172799999999998	0.22262199999999999	0.22343199999999999	0.22424199999999997	0.225054	0.22584199999999999	0.226632	0.22742199999999999	0.22823199999999996	0.22979199999999997	0.23074600000000001	0.23153599999999999	0.232348	0.233158	0.23394799999999999	0.23523599999999997	0.23648199999999997	0.23727199999999998	0.23851799999999998	0.23934999999999998	0.24055599999999999	0.24146999999999996	0.24225999999999998	0.24306999999999998	0.243838	0.24466999999999997	0.24633199999999997	0.24716399999999999	0.24795199999999998	0.24874199999999999	0.24955400000000003	0.25036399999999998	0.25134000000000001	0.25210799999999994	0.25291999999999998	0.25372999999999996	0.25452000000000002	0.25545399999999996	0.256494	0.257324	0.25813600000000003	0.25890399999999997	0.25971399999999994	0.260878	0.26181399999999999	0.26262399999999997	0.26341399999999998	0.26422399999999996	0.26501399999999997	0.265928	0.26713399999999998	0.26794399999999996	0.26877400000000001	0.26956399999999997	0.27085199999999998	0.27164199999999999	0.27243200000000001	0.27326400000000001	0.27405200000000002	0.27494599999999997	0.27573599999999998	0.27654599999999996	0.27777200000000002	0.278582	0.279414	0.28063999999999995	0.28140799999999994	0.282302	0.28307199999999999	0.28392399999999995	0.284692	0.28554399999999996	0.286354	0.28716599999999998	0.28764200000000001	0.28845399999999999	0.28926400000000002	0.29061399999999998	0.29142399999999996	0.29219399999999995	0.29366999999999999	0.29449999999999998	0.29537400000000003	0.29616199999999998	0.29697399999999996	0.29778399999999999	0.29909199999999997	0.29998599999999997	0.30077599999999999	0.30158599999999997	0.30237599999999998	0.30318600000000001	0.30426799999999998	0.30526399999999998	0.30605399999999994	0.30688599999999999	0.30765399999999998	0.30846399999999996	0.30929600000000002	0.31014799999999998	0.31097999999999998	0.31176799999999999	0.312558	0.31336799999999998	0.31418000000000001	0.31501000000000001	0.31581999999999999	0.31661	0.31741999999999998	0.31823200000000001	0.31914599999999999	0.32032999999999995	0.32116199999999995	0.32192999999999999	0.32276200000000005	0.32355200000000001	0.32483999999999996	0.32562999999999998	0.32645999999999997	0.32729199999999997	0.32808199999999998	0.32895400000000002	0.32974399999999998	0.33051200000000003	0.33132200000000001	0.33213399999999993	0.33294400000000002	0.33373399999999998	0.33464799999999995	0.33543799999999996	0.33626800000000001	0.33705799999999997	0.33786799999999995	0.33867999999999998	0.33955199999999996	3513.1543828218796	17657.922626159605	35166.098134752305	51153.813420340426	64331.135353046731	71518.572583076719	72578.190826417427	74697.780990750151	76955.305439095871	79259.161659763879	81332.420051774301	82760.570407785577	84281.030630790148	86170.376644116608	88013.037207469446	89441.541241132043	91238.223709813872	92989.281761476042	94739.986135486892	95753.626284156606	97504.330658167455	98656.258768501459	100084.76280216404	101835.46717617489	103217.63943751519	104047.01352984962	105475.16388586088	106442.8259398596	108009.26425753518	109437.76829119776	110497.38653453847	111234.4507598796	112432.3569648846	113768.55113155389	115012.7891088812	116486.91755956346	117224.3354625559	117961.39968789705	119159.30589290203	120218.92413624274	121324.87415190577	122614.73654625275	123766.66465658677	123950.93071292204	125195.16869024935	126346.74312293204	127406.71504392405	128420.35519259376	129433.99534126349	130217.03766127562	131322.98767693865	132290.29605328603	133073.6920509495	134363.90812294776	135423.52636628848	135884.36834595236	137035.94277863504	137727.38258695649	138878.9570196392	139938.92894063122	141090.5033733139	141228.79133497819	142242.43148364793	142933.51761431806	143993.13585765878	144960.79791165749	146251.01398365581	146711.85596331966	147725.14243433805	148554.51652667249	149291.93442966492	150674.1066910052	151411.17091634634	151917.9909906812	152609.07712135135	153484.42930835678	154360.13517301349	155558.0413780185	156387.41547035295	156986.19173402977	157815.56582636421	158506.65195703437	159427.98223871077	160349.66619803853	161501.5943083725	162330.96840070694	162929.74466438379	163805.09685138921	164865.06877238126	165878.70892105094	165556.15490305139	166523.46327939877	167398.81546640419	168090.25527472567	168965.60746173107	169748.64978174321	170025.22570507179	171084.84394841251	171775.93007908264	172375.06002041078	173434.6782637515	174264.05235608594	174632.58446875651	175461.95856109096	175922.8005407548	176844.13082243121	177857.77097110095	178088.0151221072	178779.45493042868	179470.54106109883	180115.29541944666	180852.71332243909	181728.06550944451	182234.88558377937	182465.12973478567	183294.50382712009	183939.61186311924	184584.71989911838	185460.07208612381	186289.44617845825	186612.00019645781	186934.5542144574	187994.17245779809	189007.81260646784	189606.58887014465	190067.43084980853	190021.45275513752	190574.25092414336	191403.6250164778	191864.46699614165	192509.57503214083	193707.48123714584	193615.17137015253	194167.96953915837	194674.78961349322	195365.87574416338	196425.84766515542	196379.51589283309	196748.04800550366	197347.17794683183	198130.57394449526	198821.66007516539	199328.48014950028	199651.03416749981	199927.25641317709	200894.91846717583	201493.69473085264	201724.29255951024	202507.33487952239	202968.17685918623	203198.77468784383	203843.52904619166	204442.65898751983	205133.74511818995	205870.80934353109	206423.96119018827	206792.49330285881	207529.55752819995	207898.08964087054	208312.95352586341	208266.62175354111	209372.57176920414	209602.81592021039	210201.94586153855	210432.19001254483	211123.27614321496	211676.42798987211	212183.248064207	212505.44840455524	212828.00242255483	213611.39842021826	214348.46264555937	214440.77251255271	214394.7944178817	215085.88054855182	215546.36885056438	215546.36885056438	216375.74294289883	216652.3188662274	217389.38309156854	217481.69295856182	218218.75718390298	218495.33310723156	219186.41923790169	219048.1312762374	219693.23931223658	220338.34734823569	220246.03748124241	220983.10170658352	221904.78566591127	221536.25355324071	221904.78566591127	222503.56192958812	222365.62764557512	223379.26779424484	223379.26779424484	223609.51194525111	224070.35392491499	224577.17399924985	224991.6842065914	225636.79224259057	225452.52618625527	225959.34626059013	226972.98640925984	227940.29478560726	227664.07253993	227802.36050159426	227664.07253993	228723.69078327069	229414.77691394085	230843.2809476034	230566.70502427485	230750.97108061012	230151.84113928195	229368.79881926984	228723.69078327069	230981.21523161643	231764.61122927986	232179.12143662138	232317.4093982857	232824.22947262056	233054.82730127816	233239.09335761343	233192.76158529113	233146.78349062012	232870.20756729154	233745.91343194825	233883.84771596125	235726.86195696541	236325.99189829358	236003.43788029399	235220.04188263055	234022.13567762554	235174.06378795957	235404.30793896582	235358.32984429484	237063.05612363468	237155.36599062799	237662.18606496285	237569.87619796954	237938.40831064011	238721.80430830354	239136.31451564512	239044.35832630313	238767.78240297455	238537.53825196828	238721.80430830354	239090.33642097411	239689.46636230228	240426.53058764341	241394.19264164215	240795.06270031398	241071.63862364256	242085.27877231227	240979.32875664928	240103.97656964386	240103.97656964386	240288.24262597912	240518.84045463672	240334.2207206501	240426.53058764341	241255.90467997783	241854.6809436547	242269.54482864757	243098.91892098199	242546.12075197615	242546.12075197615	242592.09884664716	243283.18497731726	244296.825125987	243697.69518465883	243283.18497731726	243559.40722299455	243881.96124099413	244158.53716432268	243190.87511032398	243098.91892098199	243651.71708998785	244342.80322065798	245033.88935132811	244987.91125665713	245126.19921832145	245402.42146399867	245955.57331065586	246139.83936699113	244941.93316198612	244619.37914398659	244573.04737166426	244803.64520032186	244941.93316198612	244665.35723865757	244895.60138966385	245402.42146399867	245817.28534899154	246047.52949999785	246738.61563066798	244388.78131532899	247706.27768466671	247706.27768466671	247337.74557199614	247107.14774333854	246876.90359233227	245402.42146399867	247245.43570500286	246462.39338499072	246508.3714796617	246646.65944132599	247429.70176133813	247383.72366666712	247890.54374100198	247291.76747732513	246969.21345932558	247337.74557199614	247337.74557199614	247015.19155399656	246600.32766900369	246600.32766900369	246969.21345932558	247245.43570500286	247752.25577933769	248535.65177700116	248074.80979733728	247613.96781767343	247613.96781767343	248443.34191000785	248167.11966433056	249365.02586933557	248627.60796634312	248443.34191000785	247982.85360799529	248120.78789200829	248259.07585367255	248489.67368233015	249733.55798200614	248443.34191000785	247522.01162833144	248489.67368233015	247982.85360799529	247476.03353366046	247383.72366666712	247567.98972300239	247383.72366666712	247291.76747732513	247061.16964866756	247153.47951566087	247291.76747732513	247061.16964866756	246416.06161266842	245586.687520334	244757.66710565085	244481.09118232227	243744.02695698116	244204.51525899369	243144.897015653	241992.96890531899	241440.17073631313	240795.06270031398	240380.55249297241	239136.31451564512	237800.47402662714	237109.03421830569	236417.94808763557	235542.59590063014	234252.73350628314	233515.31560329071	231764.61122927986	230382.43896793955	228953.93493427697	227433.4747112724	226558.12252426698	223379.26779424484	221029.43347890585	219416.66338890797	217850.22507123242	215868.92286856397	212828.00242255483	209556.83782553941	206654.20534119452	204626.9250438551	202138.80276685182	198729.35020817211	196379.51589283309	192924.08523948237	189284.03485214509	185598.3600477881	182188.90748910839	178410.56914010679	174356.00854542793	169426.09576374362	164957.02496172322	160487.95415970279	156110.83954702434	150812.39465266952	144684.57566598023	2.4000000000000002E-3	2.787618E-3	3.5928499999999999E-3	4.3980800000000004E-3	5.1929200000000002E-3	5.9981599999999998E-3	3513.1543828218796	17657.922626159605	35166.098134752305	51153.813420340426	64331.135353046731	71518.572583076719	Stress / Pa

Strain


0.4% Carbon Steel Stress & Strain Diagram
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