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MAE 171A MECHANICAL ENGINEERING LABORATORY 
Mater ials Testing Laboratory Week 2 

Time-Dependent Deformation of Polymers 
 
Objective: 
The main objective is to gain an appreciation and understanding of creep and stress relaxation 
behaviors in various polymers.  Polymers experience considerable time dependent deformation 
behavior, unlike metals and ceramics, and these behaviors must be accounted for in engineering 
designs that utilize polymers.  This lab will demonstrate these time-dependent deformation 
behaviors and analyze the behaviors using some simple material models.  
 
Materials: 
Low-density polyethylene (LDPE) 
High-density polyethylene (HDPE) 
Ultra-high molecular weight polyethylene (UHMWPE) 
Polytetrafluroethylene (Teflon¨ , PTFE) 
Polypropylene (PP) 
 
Sample Geometry:  
Right regular compression cylinders (nominally 0.5 inch diameter and 1 inch long). 
 
Procedures: 
1.  Measure each specimen carefully prior to testing. 
2.  Using the creep test procedures in the load frame control system, conduct one creep test 

on a specimen of each material, recording the stress and strain as a function of time.  After 
the sample is removed from the load frame, measure its length and diameter immediately, 
and then after every 5 minutes for the next hour.  Plot the creep modulus as a function of 
time for all the materials in the same plot.  Plot the sample stress and strain as a function 
of time for each material in a separate plot.  On the same plot, do a best fit of the data to 
the three-element model for creep deformation (see page 5).  Report the values for the 
relaxation time, ! , for each material.  Discuss the trends in the data between the various 
materials, and specifically for the variation in the values for the different molecular weight 
polyethylene materials. 

3.  Using the stress relaxation test procedure in the load frame control system, conduct one 
stress relaxation test on a specimen of each material, recording the stress and strain as a 
function of time.  Plot the relaxation modulus as a function of time for all the materials in 
the same plot.  Plot the sample stress and strain as a function of time for each material in 
a separate plot.  On the same plot, do a best fit of the data to the three-element model for 
stress relaxation (see page 3).  You will need to look up the elastic modulus, E, for each 
material.  Report the values for the relaxation time, ! , and the viscosity, ! , for each 
material.  Discuss the trends in the data between the various materials, and specifically for 
the variation in the values for the different molecular weight polyethylene materials. 
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4.  Compare the values of the relaxation time, ! , obtained from the creep experiment and the 
stress relaxation experiment.  Are they similar for the same material? Do they vary in a 
similar manner as a function of molecular weight for the three polyethylene materials?  

5.  Plot the specimen dimension data recorded after removing the creep samples from the test 
frame.  Compute the strain in the sample from both the length data and the diameter data 
as a function of time and plot this data for each material.  Comment on the trends in this 
data and relate these results to the previous creep and stress relaxation test data. 

6.  Look up the molecular and physical characteristics of each polymer tested in this lab such 
as: formula, molecular weight, glass transition temperature, elastic modulus, etc., and 
discuss how these characteristic relate to your observed material behaviors. 
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Three-element models 
The simple Maxwell and Voigt models presented in class do not represent your data accurately.  
Two different three-element models can be used for the stress relaxation and creep experiments.  
These involve two springs and one dashpot for the stress relaxation experiment and one spring 
and two dashpots for the creep experiment. 
 
Stress relaxation experiment: 
Two springs and one dashpot are in this model.  A constant displacement (strain) is maintained 
throughout the experiment and the stress is measured as a function of time.  A typical output 
from your experiment is shown on the left in the figure below.  

 
 
 
The governing equation is given by: 
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Integrating and solving for #: 
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We need to find C1 and E1.  When t3 $  %, # = #3 
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At t1, # = #1, and solving for #1: 
 

  

! 1 = C1 exp " 1+
E1

E

#

$
%

&

'
(

t1
)

*

+
,
,

-

.
/
/
+

E101

1+ E1 / E
 

 
where !  = &/E.  Then, solving for C1 

 

  

C1 = ! 1 "
E1#1

1+ E1 / E

$

%
&

'

(
) exp " 1+

E1

E

$

%
&

'

(
)

t " t1
*

+

,
-
-

.

/
0
0

 

 

Then, the expression for stress as a function of time is: 
 

 

 
 

At t = t2, # = #2 (where #2 is a stress somewhere between #1 and #3).  
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Then, we can solve for ! : 
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Creep experiment 
A spring and two dashpots are used for this model.  In this experiment, the stress is held constant 
and the strain is measured as a function of time. 

 
The total strain is given by 
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Then, solving for  !!! : 
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Rearranging, get 
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When  !!  = 0, # = 0.  Then: 
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Then solving for C1: 

  
C1 = ! "

#
$ "

2( )exp $t
2

/ !( )  

 
Then the expression for strain as a function of time is written as: 
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Another derivation of the creep model is shown in the following section. 
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Then rearranging: 
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Let # = #1, and  !!  = 0 with #(t1) = #1 and "(t1) = "1 
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Then: 
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Then, combining the equations, we find for the strain as a function of time: 
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