
Introduction

The structural properties of elastomers change signifi-
cantly during the first several times that the material 
experiences straining.  This behavior is commonly 
referred to as the Mullin’s effect1. If an elastomer  is 
loaded to a set strain level followed by complete unload-
ing to zero stress several times, the change in structural 
properties from cycle to cycle as measured by the stress 
strain function will diminish.  When the stress strain 
function no longer changes significantly, the material 
may be considered to be stable for strain levels below 
that particular set strain maximum.

If the elastomer is taken to a new higher strain maxi-
mum, the structural properties will again change signifi-
cantly.  This behavior is documented throughout the 
literature.2  One example of this behavior is shown in 
Figure 1 where a filled natural rubber is strained to 40% 
strain for 10 repetitions followed by straining to 100% 
for 10 repetitions.  Another example is shown in Figure 
4 where  a thermoplastic elastomer is strained to 20% 
strain for 10 repetitions followed by straining to 50% 
for 10 repetitions.
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Figure 1: Cyclic Loading 
of Natural Rubber

Observations

Several observations can be made regarding the behavior in Figure 1 which are true to  a varying degree for all 
elastomers.

1.  The stress strain function for the 1st time an elastomer is strained is never again repeated.  It is a unique event.
2.  The stress strain function does stabilize after between 3 and 20 repetitions for most elastomers.
3.  The stress strain function will again change significantly if the material experiences strains greater than the 
previous stabilized level.  In general, the stress strain function is sensitive to the maximum strain experienced.
4.  The stress strain function of the material while increasing strain is different than the stress strain function of 
the material while decreasing strain.
5.  After the initial straining, the material does not return to zero strain at zero stress.  There is some degree of 
permanent deformation.
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Hyperelastic Material Models

Most material models in commercially available finite element analysis codes allow 
the analyst to describe only a subset of the structural properties of elastomers.  This 
discussion revolves around hyperelastic material models such as the Mooney-Rivlin 
and Ogden formulations and relates to those issues which effect testing.

These models generally require the fitting of experimental stress strain curves, prefer-
ably in multiple states of strain.  For reasons beyond the scope of this document, 
simple tension, planar tension (pure shear) and biaxial extension are the most desirable 
experimental states of strain.

Limitations related to testing are as follows:

1.  The stress strain functions in the model are stable.  They do not change with 
repetitive loading.  The material model does not differentiate between a 1st time strain 
and a 100th  time straining of the part under analysis.
2.  There is no provision to alter the stress strain description in the material model 
based on the maximum strains experienced.
3.  The stress strain function is fully reversible so that increasing strains and decreasing 
strains use the same stress strain function.  Loading and unloading the part under 
analysis is the same.
4.  The models treat the material as perfectly elastic meaning that there is no provision 
for permanent strain deformation.  Zero stress is always zero strain.

The Need for Judgement

Because the models use a simple reversible stress strain input, one must input a stress 
strain function that is relevant to the to loading situation expected in the application.  
Naturally, this may be difficult because the very purpose of the analysis is to learn 
about the stress strain condition in the part.  However, there are a few guidelines 
that may be considered.

1.  If the focus of the analysis is to examine the first time straining of an elastomeric 
part, then use the first time stress strain curves from material tests.  This might be 
the case when examining the stresses experienced when installing a part for the first 
time.
2.  If the focus of the analysis is to understand the typical structural condition of a 
part in service, use stress strain curves derived by cycling a material until it is stable and 
extracting the stabilized increasing strain curve.
3.  If the focus of the analysis is to understand the unloading performance of a part 
in service by examining the  minimum stress conditions, extract a stabilized decreasing 
strain curve.
4.  Perform experiments at strain levels that are reasonable for the application.   Large 
strains that greatly exceed those that the part will experience will alter the material 
properties such that they are unrealistic for the application of interest.
5.  Stabilize the material at a couple different levels to cover a broader range of perfor-
mance and to measure just how sensitive the structural properties are to maximum 
strain levels.

Figure 2: 1st Straining of a 
Thermoplastic Elastomer

Figure 3:  Multiple 
Strain Cycles of a Ther-
moplastic Elastomer

Figure 4:  Multiple 
Strain Cycles of a Ther-
moplastic Elastomer at 2 
Maximum Strain Levels
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Data Reduction Considerations

The stress strain experimental data may need to be modified for input into curve 
fitters.  Most curve fitters use engineering strain and engineering stress input files.  If 
the first time stress strain curves are used, the data reduction is straightforward.  The 
only modification might be to reduce the number of data points so the curve fitter 
can handle the data set.

If  a stabilized loading is going to be used, then a piece of the data needs to be cut 
from a larger data set.  In addition to reduce the number of data  points in the data set, 
corrections need to be made because the stress strain “slice” has non zero initial stress 
and strain points.  The following alterations need to occur:

1. Slice out the selected loading path.
2. Subtract and note the offset strain.
3. Divide all strain values by (1 + Offset Strain) to account for the “new” larger 
stabilized gage length.
4. Multiply all stress values by (1+ offset strain) to account for “new” smaller stabilized 
cross sectional area.
5. The first stress value should be very near zero but shift the stress values this small 
amount so that zero strain has exactly zero stress.
6. Decimate the file by evenly eliminating points so that the total file size is manage-
able by the particular curve fitting software.

File Name and Content Conventions

The data file name conventions used are as follows:

MaterialName 
_StrainState_Temperature_SpecimenRepetionNumber_LoadingSegment

For example:

File name 215eb23C1S18 is material 215, eb represents 
the  equal biaxial state of strain, 23C is the test tempera-
ture, 1 represents the 1st specimen repetition for this 
experiment, S18 represents the 18th loading segment 
from the experiment.

Strain States include eb:equal biaxial, pt:planar tension 
(pure shear), st:simple tension and vc:volumetric com-
pression

A typical data file from the experiment is shown in 
Figure 5.  The extracted data set from a particular load-
ing is shown in Figure 6.  Figure 7  shows the original 
experimental loading as well as extracted and reduced 
stress strain curves for the stabilized loadings to 40% 

Figure 5: Experimental 
Data Format

Figure 6: Reduced 
Extracted Data Format
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Figure 7: Cyclic Loading 
of Natural Rubber with 
Reduced Extracted Data 
Overlaid



and 100%.

Relaxation and Vibrations

An elastomer subjected to a constant strain will relax. This means that the stress 
will decay over time.  The slow cyclic straining discussed herein will not predict this 
behavior.  Separate experiments to measure this behavior are necessary2. 

Elastomers often experience high frequency vibrations superimposed on quasi-static 
loads.  The examination of this dynmaic behavior also requires additional experi-
ments3. 
  
Strain States

Although the primary purpose of this document is to discuss a particular loading 
approach to testing, images of common strain states are shown in Figure 8, Figure 9,  
and Figure 10.  3 data sets, one from each of 3 strain states and reduced for input into 

Figure 8:  Planar 
Tension Test with  Laser 
Extensometer

Figure 9:  Biaxial 
Extension 

Figure 10:  Simple 
Tension Test with  Video 
Extensometer

fitting software is shown in Figure 11.
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Figure 11:  3 Reduced 
Data Sets Prepared  for 
Analysis
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