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15 CREEP OF POLYMERS 

 
Figure 67: A glacier slowly creeps into the sea. 

Most materials under continuous load will slowly deform. Typical examples are metals, window glass, 
plastics, ice and rock. Ancient glass windows in churches have deformed under gravity in such an way 
that at the bottom the glass has become thicker than at the top. The ice of the glaciers slowly flows 
downwards and the basalt rocks in a mountain become plastically deformed by gravity forces. So 
plastics is just one group of the very many materials that show slow deformation once subjected to a 
force for a prolonged time. The common name for this slow deformation under load is creep. 
 

15.1 DESCRIPTION OF THE CREEP PROCESS 
When a load is put on a body made from a polymer it will be deformed. This deformation is time 
dependant, as shown in Figure 68 and consists of two parts: 
1. An elastic deformation that occurs immediately after applying the load. 
2. A plastic deformation that grows in time for the duration of the load. 
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After removing the load, the elastic 
deformation will disappear immediately. 
The plastic deformation, however, will 
take a long time to disappear. Under 
practical circumstances time will be too 
short to remove all plastic deformation. 
Some plastic deformation will be left in 
the product. 
 
The load on the body has changed the 
shape of the polymer molecules by 
rotation of the chain segments. A part of 
this deformation will be recovered after some time. This is due to the rubber stress that is induced in 
the body due to the deformation. This rubber stress forces the polymer molecules back into their 
original shapes. This recovery process will take a long time however, because the rubber stress is 
relatively low (see chapter 13 Recovery of a deformed plastic body). 
 

15.2 CREEP OR PLASTIC FLOW? 
The speed with which the dimensions of the polymer body under load change (the strain rate) is 
strongly dependant on the height of the load (stress) and on the temperature of the body. Increasing 
loads and increasing temperatures will increase the speed of this process. 
1. Under low stresses, it may take hours or days before some noticeable dimension changes can be 

observed. This slow process of changing dimensions is called creep. 
2. Under high stresses, noticeable dimension changes can be seen already after seconds or 

minutes. This fast process of changing dimensions is called plastic flow. 
 
Although the names are different, 
the underlying process is the same. 
In both cases the polymer molecules 
are deformed due to the rotation of 
the chain segments under load. The 
main difference between the two is 
the speed of the process. 
 
Figure 69 shows a schematic 
representation of the deformation of 
a product under stress changing with 
time. This is called a creep curve. In 
this example three different creep 
curves are shown for three different 
stresses (1 is the lowest and 3 is 
the highest stress on the body). 
 

Figure 68: The deformation of a polymer body changes in time. 

 

 

Figure 69: The deformation of a polymer body changes in time. 
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In case of the lowest stress the load (or stress) becomes 
balanced with the elastic rubber stress caused by 
deformation of the body. The dimensions of the body 
stop changing. In case of the two higher stresses such a 
balance is not obtained. Instead, the speed of the 
deformation increases until finally rupture of the body 
occurs.  
 
Failure due to creep occurs as soon as the deformation 
exceeds a certain limit. This limit is the strain at which 
the polymer yields in a tensile test (see chapter 9).  
 
Creep is an important mechanism for failure of plastic 
products under long-time load. An example of such a 
failure in a plastic pipe is shown in Figure 70.  
 

15.3 CREEP AND PHYSICAL AGING 
The creep curve of a polymer can be roughly divided into 
three regions: the primary, the secondary and the 
tertiary region. 
 
Initially: 
Directly after applying the load the polymer deforms elastically. The stress – strain relation can be 
described by Hooke’s law ( = E). There is no creep yet: the segments of the macromolecules only 
bend under the applied stress. 
 
Primary creep: 
After some time, the chain segments of the macromolecule will rotate under influence of the stress. 
The conformation of the macromolecules changes. This is reflected in a continuous increase of the 
strain with time. Although the deformation of the body increases, the speed of the deformation 
reduces continuously.  
 
The reduction of the speed of deformation is partly due to the increasing rubber stress that reduces 
the nett load. In case that the load on the body is small enough, the increasing rubber stress will 
eventually exceed the external load. The strain rate then reduces to zero and the body will stop 
deforming. 
 
More important however, is the influence of physical aging. The creep process takes so much time 
that physical aging can reduce the mobility of the chain segments while creep is still ongoing. The 
rotation time of the chain segments increases linearly with the elapsed time during aging. Therefor 
physical aging reduces the speed of deformation during creep inversely proportional with the 
elapsed time. 
 
Secondary creep: 
Eventually the deformation of the polymer body is large enough to induce a beginning of mechanical 
rejuvenation in the plastic. Now the mobility of the chain segments increases. The speed of 
deformation (strain rate) stops reducing and becomes approximately constant. 
 

 
Figure 70: Failure of a plastic pipe due to creep 
rupture. 
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Tertiary creep: 
After prolonged time the strain in the polymer will reach a level that corresponds to the yield point in 
a tensile test. The plastic becomes fully rejuvenated. Now the chain segments of the polymer 
molecules will rotate easily under stress. The speed of deformation of the polymer suddenly 
increases, followed by a failure at higher strains.  
 

15.4 MATHEMATICAL DESCRIPTION OF THE CREEP PROCESS 
The viscoelastic relations are: 

= −  with 𝜃 = 𝜃 , 𝑒𝑥𝑝 𝑠𝑖𝑛ℎ  

= −  with 𝜃 = 𝜃 , 𝑒𝑥𝑝 𝑠𝑖𝑛ℎ  

𝜎 = 𝜎 + 𝜎   
𝜀 = 𝜀 + 𝜀   
 
Boundary conditions: 
 During the creep test the plastic is uniaxially deformed. The relation between glass stress and 

deformation is therefore described by Equation 34:  
𝜎 = 𝐺(𝑒𝑥𝑝(2𝜀 ) − 𝑒𝑥𝑝(−𝜀 ))  

 The material yields and fails at relatively low strains (0.2 to 0.3) and that results in a simple 
relation between stress and strain: 
𝜎 = 3𝐺 𝜀  and 𝜎 = 3𝐺 𝜀  

 The total stress on the plastic body is constant: 
𝜎 = 𝜎 + 𝜎 = 𝜎  

 The creep test is usually done below the glass transition temperature. Under these circumstances 
we assume the reptation time (rep) to be infinite: 
𝑑𝜎

𝑑𝑡
=

𝑑𝜎
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The viscoelastic equations now simplify to: 
 
Equation 107 

= 3𝐺𝐺 −   

𝑑𝜎

𝑑𝑡
=

𝐺

𝐺

𝜎

𝜃
 

𝜎 = 𝜎 + 𝜎 = 𝜎  
𝜀 = 𝜀 + 𝜀   
 
After some rewriting, we find for the strain rate during creep: 
 
Equation 108 

𝑑𝜀

𝑑𝑡
=

𝜎 − 3𝐺 𝜀

3𝐺 𝜃
 

 
The creep rate depends on the nett load and the chain segment rotation time, which is exponentially 
dependant on the nett load. 
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If the load on the body is low enough then the increasing rubber stress (3Grub) will eventually 
balance the external load. The creep rate d/dt will become zero and the creep deformation will 
stop. 
 
In most cases however, the creep rate will reduce because of the effects of physical aging. In chapter 
14 we have seen that in the aging region the relaxation time increases linearly with the elapsed time 
(rot is about 10 to 100 times the elapsed time). 
 
Equation 109 

𝑑𝜃

𝑑𝑡
= 𝑙𝑛

𝜃

𝜃
≈ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 
We simplify this by inserting rot = At into Equation 108: 
 
Equation 110 

𝑑𝜀

𝑑𝑡
=

𝜎 − 3𝐺 𝜀

3𝐺 𝐴𝑡
 

 
According to Equation 110 the creep rate will reduce inversely proportional with the elapsed time as 
long as physical aging active. In Figure 71 examples of this behaviour in a plastic and in a metal alloy 
are shown.  
 
This will only be valid in the primary region of creep. In the secondary and tertiary region the aging 
effect will be neutralized by mechanical rejuvenation.  
 

Figure 71: Creep rate versus time of a polymer and a metal alloy. 

 
 


