
Stories of the Lithosphere 

Constructing a Stress-Strain Diagram Lab 
Earth Science Essentials-Advanced 

by Russ Colson 
 

The walkthrough is given below. 
 

Introduction 
 
We've already done one lab on material properties for this unit (the viscosity lab), so this 
lab should take less time than some of our more complicated labs.  The goal is to take 
measurements on a paper clip that allow you to construct a stress-strain diagram, 
determine the elastic limit, the elasticity constant, and possibly measure the ultimate 
strength.  You should have a paperclip and a spring balance for measuring force in your 
lab kit.  You will need to acquire a ruler for measuring, a clamping system of some sort, 
and an experimental design that allows you to reproducibly measure the amount of 
strain resulting from a given amount of stress (see picture). 
 

 
 
Notice that this experiment measures the shear strength of the paper clip, that is, its 
resistance to a force applied in a shear direction.  Other types of strength that are 
characteristic of a material include its compressional strength—how much it resists a  
compressional force parallel to its length—and extensional strength—how much it 
resists being pulled apart parallel to its length.   



 
The leverage length provides 'leverage' on the shear.  By adjusting this length you can 
adjust the experiment so that your spring balance has the right strength and sensitivity 
to measure the stress-strain relationship of your paper clip.  We aren't going to calculate 
the correction for this leverage, however, you should report this distance so that 
someone could calculate the true shear strength of your paper clip should they choose 
to do so. 
 
Stress is measured in units of force (actually force per unit area, but we aren't going to 
worry about the area).  Should you wish to convert units of force, 1 lb = 16 oz, = about 
4.45 Newtons.  Grams is a unit of mass, not force, however, at earth gravity, 1 gram = 
0.0353oz. 
 
 
Report: 
 
Your report should include a picture of you doing your experiment, your experimental 
set up and procedures (particularly how you solved the clamping problem, how you 
marked the starting point for the paper clip position, and how you measured the strain at 
a particular value for stress), the elastic limit, the elastic constant (that is, the constant in 
the equation strain = constant * stress—be sure to include the units for this constant), 
the ultimate strength if you were able to determine it or an explanation for why you failed 
to determine it, and the stress-strain diagram that you determined (with units).  You 
should include the 'leverage' length in your report. 
 
 
Walkthrough: 
 
I did three trial runs before I figured out some of the experimental problems and how I 
wanted to address them.  In the first 2 series of experiments, I used the set up shown 
below. 

 



I anchored the bottom of the paperclip using vice grips taped down firmly to the table.  
The spring scale is attached to a small loop in the top of the paperclip.  The 'leverage" 
distance from the vice grips to the loop is 6.2mm.  I have set a box behind the paperclip 
which provided a vertical datum to measure the position of the paperclip against.  The 
beaver skull provided stability to the box when I pushed against it during measurement.  
I had a short ruler to make measurement with. 
 
The problem with this set up is that the force vector gradually became nearly parallel to 
the wire as the stress increased, meaning that I was no longer looking at the shear 
strength, but increasingly at tensile strength.  Therefore, I changed the set up to that 
shown below which allowed me to keep the force vector nearly perpendicular to the 
wire. 
 

 
 
In the third series of experiments, I noticed that there was a gradually shift in the starting 
position of the wire as I proceeded from weaker stress to stronger stress (that is, the 
wire was getting bent).  For the final set of measurements, I decided I wanted each 
measurement of stress and strain to start from the same starting position, therefore I 
returned the paper clip wire to its initial starting position after each measurement.  This 
required some bending, which may have altered the properties of the metal somewhat. 
 
I measured the position of the paper clip wire for several stress values (in increments of 
0.5 ounces), and also measured the position of the paper clip after releasing the stress 
for each measurement. 
 
The results are graphed below. 
 



 
 
You notice that the linear portion of my stress-strain diagram does not pass through the 
origin as it should (strain = constant*stress, thus strain = 0 when stress = 0).  The 
reason for this discrepancy is that my cheapo spring balance did not read 0 when there 
was 0 stress on it.  Instead, it read 0 when there was some indeterminate amount of 
stress on it.  Based on the projection in the graph, I estimate that when my scale read 0, 
there was really about 1.5 ounces of stress on it. 
 
The linear portion of the stress-strain diagram (strain = constant*stress), is defined by 
the slope of strain/stress = 6.67 millimeters/ounce (note that this value depends on the 
length of my lever, and is not normalized to a size-independent measure of the material, 
so it most likely will not match your value). 
 
The elastic limit is reached at about 20mm strain.  After that, not all of the strain is 
recovered when I let the paper clip spring back.  However, notice that the elastic portion 
of the strain is still recovered (stores energy).   
 
I was not able to determine the ultimate strength.  At 3 ounces of force, the wire was 
rotated nearly 90 degrees from its original position, which meant that the distance from 
the box was determined, not by strain in the wire, but rather by the length of the wire.  
To measure the maximum strength, I would need to redefine my measurement of strain.  
For example, instead of marking the distance from the box, I might measure the strain in 
degrees rotation.  I didn't do that. 
 
Note: The diameter of the wire in my paperclip was 0.6mm. 
 
 
Last updated 11/19/2016.  All text and pictures are the property of Russ Colson. 
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