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DEFORMATION AROUND A HOLE 
The objective of this lab is to develop insight into the stress and strain fields around a hole, and 
to see how those fields are related. 
 
Part 1 (Strain in Lycra sheet) 
a “Exploration” 

Stretch the Lycra sheet with a hole in it, and observe how the circles and the grid deform.  
Observe the regions near the hole and far from the hole.  The attached page shows traced 
scans of the grid lines and some of the holes from one quadrant of an actual experiment.  
The grey circles are the original undeformed circles, and the dashed ellipses are their 
deformed counterparts, the strain ellipses. 

b For each of the 22 strain ellipses  
1  On page 2, neatly draw the orientations of the major (2a) and minor (2b) axes of the 

strain ellipses in the first quadrant.  Use one color for the major axes and a 
second color for the minor axes. (5 pts) 

2  On page 3, neatly draw the vectors showing the displacement of the centers of the 
circles. (5 pts) 

3 Describe in words the displacement field of question (b2) (5 pts) 
c For the 4 strain ellipses A, B, C, and D 

1  Measure the length of the ellipses to the nearest 0.1 mm, and from those measurements 
calculate the principal strains to two significant figures. (16 pts total) 

Strain ellipse Length of major 
axis 2a (mm) 

Length of minor 
axis 2b (mm) 

Greatest principal 
strain (ε1) 

Least principal 
strain (ε2) 

A     
B     
C     
D     

2 Why are the values of ε1 at C and D similar? (1 pt) 
3  At which ellipse is ε1the largest? (1 pt) 
4 At which ellipse is ε2the smallest? (1 pt) 
5 What is the ratio of ε2 at B to ε2 at C? (1 pt) 
6 What is the ratio of ε1 at A to ε1 at C? (1 pt)  
7 What is the direction of the greatest principal strain at A? (1 pt) 
8 What is the direction of the least principal strain at B? (1 pt)
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Part 2 (Photo-elastic analysis) 
a “Exploration” 

Take a sample with no hole it, place it horizontally between cross polarizers, and flex it 
sideways, pushing with your thumbs. The outside of the flexed sample is being extended 
(and placed under a longitudinal tension).  The inside of the sample is being contracted (and 
placed under a longitudinal compression).  Assume that the magnitude of the tension 
on the outside equals the magnitude of the compression on the inside . We will 
soon show that this assumption is entirely reasonable. 
 
On a separate page, address the following:  
1 Draw a neat sketch and label the color bands. (2 pts) 
2 Label the planes of symmetry for the colors in your sketch (2 pts) 
3 Except where we are pushing with our fingers and thumbs, what is the normal traction 

acting on the edges of the sample? (1 pt) 
4 Is the color the same on the outside of the sample as the inside of the sample? (1 pt) 
5 Can the color alone be used to determine whether a point in the sample is experiencing a 

tension or a compression?  In other words, does the color reflect the sign of one 
principal stress value or something else? (1 pt) 

6 Draw two Mohr circles on the same plot showing the tractions that represent the stress 
state on the inside and outside of the flexed sample. (4 pts)  

7 Place the sample under tension, and note the color progression to higher order as the 
tension increases.  Then reduce the axial tension and apply a compression to the sample 
across its short dimension.  Do the colors go to higher order colors or lower order colors 
in the region experiencing the compression? (1 pt)  

8 Draw a new plot with two Mohr circles showing the tractions that represent the stress 
state on the sample with a) a uniaxial tension along the length of the sample, and b) a 
longitudinal tension and a compression along the shorter dimension of the sample  (4 
pts)  

9 In light of your answers to 5-8, do the colors depend on just one principal stress 
magnitude or on two? (1 pt) 

10 Based on your answers to the questions above, does the color at a point seem to 
depend on the value of just σ1, just σ2, σ1 + σ2, σ1 - σ2, just |σ1|, just |σ2|, or |σ1 + 
σ2|? (1 pt) 
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b Calibration of stresses at Point C 

Insert a photoelastic strip with a circular hole into real polariscope.  Cross the polarizers so 
that the image appears dark with no load on the sample.  Increase the tension on the sample 
until a distinctive color first appears at point C; this typically is a blue-violet color at a load 
level of ~21-22.  Usually you overshoot the tension and then have to back the tension off a 
bit to see the first appearance of the color.  Record the color and the load level. Repeat 
these steps so that you get distinctive colors at point C for a total of 6 distinctive colors.  
Do not exceed a load level of 150!!! (6 pts) 
 
 

 
 

 
Color Load level for color at C 

“|T|” 
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c Stresses at Point A and stress concentration factor a 
Now focus on point A.  Cross the polarizers so that the image appears dark with no load on 
the sample.  Increase the tension on the sample until the first distinctive color in the table of 
page 2 first appears at point A.  Usually you overshoot the tension and then have to back 
the tension off a bit to see the very first appearance of the color.  Record the color in 
column 1 and the associated load level from the table of p.5 in column 3.  Now change the 
tension if needed until that same color appears at point C (“far from the hole”).   Record 
the load level from the digital readout in column 3.  Repeat these steps for the distinctive 
colors of the table of page 5.  Do not exceed a load level of 150!!! (12 pts) 
Color Load level at A 

From table on p. 5 
Load level at C 

From digital readout 
|Load at A|/| Load at C | 

= |a| 
    
    
    
    
    

    
d Stresses at Point B and stress concentration factor b 

Now focus on point B.  Cross the polarizers so that the image appears dark with no load on 
the sample.  Increase the tension on the sample until the first distinctive color in the table of 
page 2 first appears at point B. Usually you overshoot the tension and then have to back 
the tension off a bit to see the very first appearance of the color. Record the color in 
column 1 and the associated load level from the table of p.5 in column 3.  Now change the 
tension until that same color appears at point C (“far from the hole”). Record the load 
level from the digital readout in column 3.  Repeat these steps for the distinctive colors of 
the table of page 5.  Do not exceed a load level of 150!!! (12 pts) 
Color Load level at B 

From table on p. 5 
Load level at C 

From digital readout 
|Load at B|/| Load at C | 

= |b| 
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Type up your answers to the following questions: 
e The superposition thought experiment shows that a + b = 2 if our system could be 

considered as an infinitely large plate with a hole.  Assuming this is correct (or at least 
approximately correct), use your answers for the average absolute values of |a| and |b| from 
the previous two tables to evaluate the constants a and b. (4 pts) 

 a = _____________  b  = _____________ 
 
f How do the values of a and b  compare to the strain ratios in questions c5 and c6 on page 

1? (2 pts) 
 
g Describe in your own words what these values mean in terms of the stress concentrations at 

points A and B. (4 pts) 
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Part 3 Foam rubber experiment 
a Describe what happens to the cracks in each case.  Note that the tractions on the 

boundaries in the top row, including on the walls of the hole, differ in sign from those in the 
bottom row. (4 pts) 

 

 
 
b Are your descriptions of the four boxes consistent with your answers on the previous page?  

Explain clearly and completely. (4 pts) 
c  Suppose the hole represents a magma chamber as seen in map view.  For this case where a 

uniaxial horizontal tension is applied to the sample, where might cracks (dikes) form at the 
magma chamber walls, and what would the orientation of the dikes be?  Show this on a 
diagram and explain your reasoning. (4 pts) 

d  Suppose the hole represents a magma chamber as seen in map view.  For this case where a 
uniaxial horizontal compression is applied to the sample, where might cracks (dikes) form 
at the magma chamber walls, and what would the orientation of the dikes be?  Show this on 
a diagram and explain your reasoning. (4 pts) 

 


