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How to Conduct A Tensile Strength Experiment

“Simple” Version

“Tensile strength” is the ability of a material to resist stretching. To have high tensile strength means to stretch 
very little when pulled with a large force. The purpose of this experiment is to find out how much a given 
material sample stretches in relation to the amount of force used to pull on it. This information can then be used 
to determine if the material is a good fit for a design. For example, a good application for a material with high 
tensile strength would be a rope in a swing. Imagine how well that swing would work if something like cooked 
spaghetti were used instead...

Things you will need
 Tensile testing machine
 Safety goggles
 Dog bone material sample
 Pencil
 Ruler or Calipers
 (optional) Video Camera

What is a “dog bone” sample?
A material sample used for tensile testing is called a “dog bone” because it
resembles a smoothed metal version of the dog toy.  This shape allows the
test machine to easily hold on at either end while making sure that the thin
middle section is the part that breaks. The Laboratory Devices Company
offers dog bone test samples for $10-15 a piece on their website: 
http://www.laboratorydevicesco.com/TENSILES.html
When you receive your samples, check them to make sure there aren’t
deep scratches or holes in any section and that they are not bent. Problems like these might make it hard for the 
test machine to hold onto the sample or cause the sample to break sooner than it should.

Initial Measurements
A metric ruler may be used for these
measurements, but a much more precise
measurement can be made using dial or
electronic calipers.

First, measure the starting length, L, in
millimeters (mm) of the thin middle section of
the dog bone as shown in the diagram to the right. The measurement should not include the angled regions in the
transition to the thick ends. Record this length in the “Initial Length” cell of the table below.
Second, measure the diameter, D, in the center of the middle section and record it in “Initial Diameter”.

Initial Length (mm)

Initial Diameter (mm)

http://www.laboratorydevicesco.com/TENSILES.html


Final Length (mm)

Maximum Force (kN)

Mount Sample
The mounting method may vary based on the sample and machine used.
It is assumed that the test machine uses clamps to hold the sample, and
that the specifics of machine setup can be found elsewhere.

1. Return your machine to its starting position. 

2. Unscrew the top and bottom sets of clamps.

3. If a previous sample is present, gently remove it from the
loosened clamps.

4. Insert the sample being tested into the clamps such that as
much as possible of the thick end sections is in contact with the
clamping surface.

5. Retighten the clamps, slowly. Your machine’s manual may have
a way to determine if the clamps are “tight enough”, but in
general, tighten them until there is significant resistance. If it is necessary to change the distance 
between the clamps – either because the sample is a different length from the previous, or because it is 
otherwise hard to insert and remove samples – you should check the manual for your specific machine.

6. If you have a video camera, now is the time to set that up. Aim it at the sample and make sure to leave 
some space above the top and bottom of the sample in frame as sometimes the machine has to pull a 
long distance before the sample will break. If possible, include the machine’s display output in frame as 
well.

***Put on safety goggles***

Test Sample (did I mention the safety goggles?)

1. If you set up the camera, start recording.
2. Locate the stop button on the machine’s controller. Most machines will figure out that the sample broke 

and end a test sequence, however it may be necessary for you to manually halt it using the stop button. 
Do not put your body near the sample while it is being tested.

3. If a part of the machine breaks, press the stop button immediately and call an instructor. Start the 
machine’s test sequence. The machine will begin to pull on the sample, while recording the distance it 
has moved and the corresponding force it pulls with. If all goes well, the sample will gradually lengthen,
and then snap. 

Unmount Sample
After making sure that the machine has finished its testing sequence, carefully unscrew the clamps from the now 
two pieces of the dogbone sample. Avoid the sharp edges from the broken ends of the sample.



Calculations
There are two properties which are relatively easy to calculate: engineering stress and strain.

Engineering Stress , σ=
Forcemax

Areainitial , cross

=
Forcemax

π
4

Diameterinitial
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Strain , ε=
Lengthfinal − Lengthinitial

Lengthinitial

Engineering stress describes how much force a material can take for a given surface area (think diameter of a 
rod-shaped sample) without breaking. Strain describes how much it will stretch per unit length before it does 
break.

Conclusion
The results calculated here are not accurate by any means, but they give an overview of the stress and strain 
relationships for common engineering materials. The goal may then become to select a minimum cross-section 
of a material that can handle the force a design requires (using stress) yet have a low enough strain (amount of 
stretching) as to not shift force onto other components of the structure.

Appendix
Some images were composited by me, and as such do not have links.
[Dog bone sample mounted in a tensile testing machine]. (n.d.). Retrieved September 18, 2018, from 
http://www.instron.in/-/media/images/instron/catalog/testing-solutions/by-test-type/tension/iso-1798/iso-
1798.jpg



How to Conduct a Tensile Strength Experiment
“Advanced” Version

This experiment will examine various properties of common engineering materials including engineering stress, 
strain, modulus of elasticity, yield strength, and ultimate tensile strength.

Equipment and Materials
 Universal Testing Machine
 Eye Protection
 Dog bone material sample
 Pencil
 Calipers
 (optional) Video Camera

Introduction

Dog bone samples can take many forms depending on the
machine they’re built for, but they generally resemble the
examples in the image to the right. They are designed to fail
in the reduced section. The Laboratory Devices Company
offers dog bone test samples for ten to fifteen dollars a piece
on their website: 
http://www.laboratorydevicesco.com/TENSILES.html

Verify that there aren’t any gouges, voids, or other structural
issues in each sample as they might fail prematurely.

Initial Measurements
First, measure the gage length in millimeters (mm) of the dog bone.
Second, measure the diameter, again in (mm).

Gage Length (mm)

Diameter (mm)

http://www.laboratorydevicesco.com/TENSILES.html


Mount Sample
The mounting method may vary based on the sample and machine used.
Check your machine manual for the specifics of sample mounting and
testing.

1. If a previous sample is present, gently remove it from the device.

2. Mount the sample under test.

3. If video camera: Aim at the sample but leave sufficient space at the
top and bottom of the frame to capture at least five cm of
deformation. If possible, include the machine’s display output in
frame as well.

***Wear eye protection***

Test Sample (yes, even you need eye protection)

1. If video camera: Start recording.
2. Locate the stop button on the machine’s controller. Most machines will end a test sequence after the 

sample breaks, however it may be necessary to manually halt a machine using its stop button. Do not put
your body near the sample while it is being tested.

3. Start the machine’s test sequence. The machine will record the force it applies and the deformation of the
sample. If the machine breaks, immediately stop the test. Do not attempt another test until the machine 
has been repaired.

Analyze Data
Retrieve the force and elongation data from your testing machine. Graphing the data with elongation on the x 
axis will result in a plot similar to the one below:

A stress vs strain plot is needed. This can easily 
be developed from the existing force vs 
elongation plot. Stress is force per area, and 
strain is change in length per unit length.

Stress , σ= Force
Areainitial , cross

= Force
π
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Strain, ε= δ L
Lengthinitial

Knowing these relationships, one can simply divide the force data by initial cross-sectional area, and the 
elongation data by initial length to develop a stress vs. strain relationship. Plotting this variation of the dataset 
will appear similar, however the units and measurement scales will be different.



The diagram below shows how various properties are related to the stress vs. strain graph:

In addition, Young’s Modulus (E) can be calculated from the slope
of the line up to the proportional limit where:

Young ' s Modulus , E=σ
ε

Appendix
[Variety of dog bones material samples]. (n.d.). Retrieved September 18, 2018, from 
https://www.imrtest.com/sites/default/files/styles/gallery_full_image/public/TensileBars.jpg?itok=aRSi4x30
[Diagram of dog bone sample]. (n.d.). Retrieved September 18, 2018, from 
https://upload.wikimedia.org/wikipedia/commons/thumb/8/8d/Tensile_specimen_nomenclature.svg/350px-
Tensile_specimen_nomenclature.svg.png
[Dog bone sample mounted in a tensile testing machine]. (n.d.). Retrieved September 18, 2018, from 
http://www.instron.in/-/media/images/instron/catalog/testing-solutions/by-test-type/tension/iso-1798/iso-
1798.jpg
[Diagram of a stress vs strain graph]. (n.d.). Retrieved September 18, 2018, from http://file.scirp.org/Html/8-
2710129/19ba191f-4e0d-4484-901b-fdf807ce091a.jpg 
https://www.mathalino.com/sites/default/files/images/stress-strain-diagram.jpg


