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Creep prediction 
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ABSTRACT: After showing the different approaches to prediction of creep -or creep rupture- data in 
existing publications, the results of Institut für textile Bau- und Umwelttechnik (tBU)/Fachhochschule 
Münster investigations on several materials are shown. It is shown that curves of low creep polymers (PET) 
may be calculated in form of S = A + B . In t, while progressive creep polymers (PE, PP) may be described 
by S = a . ebt

. Measured and calculated values are plotted in graphs. For test results of 1000 h and 24000 h 
tests the values of the first 24 hours were taken to predict the final values. The accuracy and restrictions for 
this procedure are given. 

1 Introduction 

Creep information on new products are always far 
too short times. If a producer designs a new 
product for a specific application ar uses different 
yams for a wovel'l product or stretches tapes ar 
grids differently, the creep values for this product 
are far some 1 00 hours, when the contractor would 
like to start the application, Far these cases a 
prediction possibility would be helpful as well as 
the general problem of predicting the behaviour 
for 120 years of service life requires extrapolating 
ofdata. 

2 State of the art 

Creep and creep rupture tests are performed since 
polymere materials are used under permanent 
loads. Most information is existing for pipe 
material at different temperatures. A creep rupture 
graph from /1/ is given for PE-HD. 
As geosynthetics in reinforcing function are also 
structural elements under sustained load, creep of 
geotextiles is objective of intensive research /2, 3, 
4, 5, 6, 7/. Values for up to 24000 hours of test 
duration show a relatively clear frame: Partially 
crystalline polymers as PE, PP, PET get 
increasingly orientated in the amorphous regions 
of the material. In figure 2 E(t) and dS/dt = E'(t) 
are plotted. The final increase of S' befare rupture 
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Figure 1: Creep rupture curves ace. to DIN 8075 for 

PE-HD 
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E:T = tertiary creep deformation 
E:s = secondary creep deformation 
E:p = primary creep defonnation 
E:o = initial deformation 
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Figure 2: Creep deformation and creep rate from /8/ 
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Figure 3: Modelling Creep by Burger-Kelvin-models 
from /8/ 
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Figure 4: Time temperature superposition from /9/ 
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Figure 5: Typical shear modulus/temperature curve 
of a partially crystalline polymer /111 

does not necessarily occur; it is typical for PE, PP, 
not for PET. The observation of E' is the basis of 
Sherby-Dom-curves to defme "onset of rupture" 
/9, 10/. A nice visualization of polymer creep and 
relaxation modelling by a Burger-Kelvin-model is 
given as figure 3: 
The creep curves published show a big influence 
of temperature for PE, PP, a smaller for PET. This 
acceleration by increased temperature is used for 

Figure 6: Transducer fixation and optical 
measurement target /12/ 
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Figure 7: Creep curve ofPET-plaine weave product 

creep rupture tests, as a temperature-time shift 
allows prediction of creep rupture for long-term 
application. 
The temperatures applied must be at a safe 
distance from melting temperature Tm of the 
cristallines (see figure 5) 

3 Test program 

In a test pro gram accompanying the European 
research on geotextile test standards 
(Measurement and testing project 0169) tests of 
24 hours were performed /12/. The tests were 
instrurnented with deformation transducers, 
connected with the AID-converter inside a pe, the 
data were read to a spread sheet pro gram (MS­
Excel). After the first day, the target on the 
transducer fixation was used for intermittant 
optical measurement after removing the 
transducer. 
A typical curve of a PET -woven product is shown 
in figure 7. 
The tests were continued to 1000 hours or more. 
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Figure 8: Observed and calculated creep data with 
log fit and pot fit for a plaine weave PET­
material 

Figure 9: Observed and calculated creep data with 
log fit and pot fit foe a thermobonded 
PPIPE nonwoven 

4 Evaluation 

• Mathematical approach 

For creep curves oE visco eJastic materials 
(concrete, polymers) an equation of the type 6 = 
A + B . In 1 (log fi t) is often used. In /121 
additionally E = a . ebl (pot fit) was checked. Tbe 
quality of the calculated data was checked by tbe 
value B = ~. r = coefficient of correlation. For low 
and linear creep materials Ule logarilhmic 
regression is weil fitting 
for progressive creep, the potential regression is 
better. 
Tbe logaritlun was tested by using the measured 
values ofthe first 24 hours of 1000 hours- and 
24000 hours-tests. The calculated values for 
1000 hours (all at 25 % of short time stTength) 
are. 
The 24000 hours tests were not as weil 
instrumented as the newer ones, this may create a 
part of the eviation. For some materials tbis 
prediction for 3 decades seems surprisingly weil. 

Table I: Observed and predicted (log fit) values at 20°C 

Product Force in kN 1000 h &-value d & 
weft/warp % in% 

observed calculated 
from 24 h 

va lues 

PP-tape woven 58/50 8.5 6.6 1.9 
------- - ---- ~-----

PP-Tape woven 45/45 17.6 14.8 2.8 
--~---- ----- -----

PP/PH woven 200/45 2.66 2.64 0.02 
------- - - --- 1------

PP nonwoven 54/42 25.0 23.6 1.2 
- - - ----

PP/PE thermo 23/23 9.2 18.0 8.8 
bonded 
nonwoven -------
PET woven grid 65/35 7.0 6.2 0.8 

24000 hours tests 

Table 2: Observed and predicted creep values 

ProdUCl lempera- 2-4000 h e-vslue 11 E 

I~~e % In% 

observed calculaled from 
24 h values 

PP-tape woven 30 241 311 +7.0 log regr 

- ------
PET-woven grid 30 7 0 7< _04 log regr 

10 61 60 -01 log regr ------- ----- --
HDPE-grid 30 3 1.3 252 - 61 poLregr 

blaxial 10 9.1 B3 . 0.8 potregr. 

r-- - ---- ~-----
HO PE uniaxial 30 6.0 67 +07 log regr. 

10 5,3 5B +05 Iogregr. 

Conclusion 

For materials wilh a gene rally weU knowll 
behaviour a predictioll of crcep values seem 10 be 
possibte. Tbe matJlcmaticaJ approach by a function 
of the type E = A + B . In t is not significantly 
belter tban a drawn lilie by the jnvestigator. Tbe 
reslrictions to predic(·ion are timt some polymers 
may have rapid faiI\u'c (see figure 1); jf UJis is 
fO lUld at lügher lempemture, it will be found at 
longe!: time witb nonnal tempemtures also. More 
wod< is needed, especially as all these dala are 
creep in ai.r geosynrhetics in soil may bchave 
diiferenUy. 
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