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Creep behaviour of a parallel-lay aramid rope 
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A series of dead load tests on a parallel-lay aramid rope has been conducted with the purpose 
of studying its creep behaviour. The main variable considered in the tests was the applied 
stress which varied from 24.5%-81.6% ultimate tensile strength. It was found that creep and 
recovery are adequately described by a logarithmic time law and that the creep coefficient for 
the material can be considered stress independent. An empirical expression for prediction of 
long-term creep at ambient temperature is presented. 

1. I n t r o d u c t i o n  
The remarkable progress in the polymer industry over 
the last decades has produced new materials with 
revolutionary mechanical properties. One example is 
the high-strength high-modulus aramid fibre Kevlar*, 
which has already found wide application in com- 
posites in situations where weight is of fundamental 
importance, as in the aerospace industry. 

This fibre is also being used in the manufacture of 
cables and ropes which are of interest for structural 
applications as tension members. Among the three 
basic constructions of fibre ropes, twisted, braided and 
parallel-lay, the latter has the highest strength, highest 
modulus and best fatigue performance achievable with 
a particular fibre. A range of this type of rope, known 
as Parafil*, is currently manufactured by Linear Com- 
posites Ltd, with Type G being the version with the 
highest elastic modulus and tensile strength. This rope 
consists of a core of parallel and continuous Kevlar 49 
yarns encased by a polymeric sheath which maintains 
the circular profile of the rope and protects the core 
from abrasion and ultraviolet light. Type G Parafil 
has a linear stress-strain relationship with a nominal 
strength of 1926 k N m m  -2 and a strain at failure of 
about 1.5%. Earlier work [1] had indicated that stress 
rupture can be described by a linear relationship 
between load and logarithm of time to break; when 
subjected to loads equivalent to 64% and 50% of the 
nominal breaking load, for instance, the lifetimes of 
the material are 1 and 100 years, respectively. 

Type G Parafil ropes have been identified as an 
attractive material for use in prestressed concrete 
structures, cable stayed and suspension bridges, cable 
supported roofs [2] and in tension leg platforms [3, 4]. 
It is clear that for these applications a good under- 
standing of the creep properties of the material is 

* K e v l a r  is a t r a d e  n a m e  of  EI D u  P o n t  de  N e m o u r s .  

t Paraf i l  is a t r a d e  n a m e  of  L inea r  C o m p o s i t e s  Ltd .  

highly desirable, because load durations of many 
decades are required. 

The present investigation is concerned with the 
creep and stress-rupture properties of Type G Parafil 
over periods extending to years. The tests were carried 
out at Imperial College in London, on specimens 
subjected to constant and varying loads at ambient 
temperature. A discussion on the creep behaviour of 
the ropes is given here while the stress-rupture results 
are analysed separately [5]. 

2. T e s t  p r o g r a m m e  
2.1. S p e c i m e n s  
The specimens used in this study were 1.5 tonne and 
3.0 tonne Type G Parafil ropes, with cross-sectional 
area of the yarn in the core of 7.64 and 15.28 mm 2, 
respectively. They were anchored with standard spike 
and cone terminals supplied by the manufacturer; 
these have proved to be capable of anchoring the full 
strength of the rope [1]. The length of all creep 
specimens was 2 m (from tip to tip of the spikes within 
terminals). Their tensile strengths, obtained from 
short-duration tests of 1.5 m long specimens, are 
shown in Table I. The tensile tests were carried out in 
an Amsler hydraulic machine at a loading rate of 7 
kN min- t. 

2.2. Creep tes t s  under  c o n s t a n t  load 
Table II shows the number of specimens tested under 
constant loads with the corresponding stress levels. 
Before starting the tests, all specimens were preten- 
sioned to the loads given in the table. The procedure of 
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TABLE I Tensile strength of the specimens 

Specimen Load Strength 
no. (kN) (MPa) 

1.5 tonne 1 17.75 2323 
ropes 2 18.54 2426 

3 18.24 2388 
4 17.75 2323 
5 19.03 2490 
6 18.83 2465 

Mean 2403 

3 tonne 1 33.69 2205 
ropes 2 34.28 2243 

3 33.54 2195 
4 34.23 2240 
5 32.36 2118 
6 33.54 2195 

Mean 2200 

applying a pretensioning load has the effect of elimin- 
ating any possible initial disorientation of the fibre lay 
which is caused by the coiling process (Parafil ropes 
are supplied in circular drums, diameter = 50 x rope 
diameter). Following the application of the preten- 
sioning loads, which took less than 1 rain, the ropes 
were unloaded and a time for recovery (around 5 min) 
was allowed before starting the test. 

The pretensioning load was 60% of the nominal 
breaking load, for those specimens tested under loads 
below this value, and of the same magnitude as the test 
load for those tested beyond 60% of nominal breaking 

load. Two measures of rope capacity will be used. 
Nominal breaking load (NBL) is the manufacturer's 
rated capacity of the rope, based on a uniform stress of 
1926 kN mm-2,  irrespective of area. The actual break- 
ing load (ABL) is higher than this, and varies slightly 
with area (when expressed as a stress) due to the effects 
of bundle theory. ABL is found to give better cor- 
relations between ropes of different sizes, for both 
creep and stress-rupture data, than NBL. 

Table II shows that the range of the applied load 
varied from 24.5 % 81.6% of the ABL of the speci- 
mens. Specimens tested at loads above 60% ABL were 
expected to be loaded until they failed by stress- 
rupture, but creep data could be obtained from all 
tests since the test methods were identical. 

2.3. Creep tests under varying load 
Three tests were carried out under varying loads. The 
stress levels and their corresponding duration for each 
specimen are given in Table IlL All three specimens 
were pretensioned to the maximum value of the load- 
ing programme (77% ABL) following the same pro- 
cedure as in the previous section. The first loading 
stage consisted of the application of a given load for 1 
day. This load was then removed and the specimen 
was left unloaded for 2 days. In the following stages, 
each with 1 week duration, the load was gradually 
increased up to 77% ABL after which the load was 
kept constant until failure of the specimen. 

TABLE II Specimens tested under constant loads 

Specimen Pretension Creep Stress % NBL" % ABL b 
(kN) load (kN) (MPa) 

3 tonne ropes C93-1 27.43 27.43 1795 93.2 81.6 
C93-2 27.43 27.43 1795 93.2 81,6 
C93-5 27.43 27.43 1795 93.2 81.6 
C93-6 27.43 27.43 1795 93.2 81.6 
C93-7 27.43 27.43 1795 93.2 81.6 
C93-8 27.43 27.43 1795 93.2 81.6 
C87-1 25.49 25.49 1668 86.6 75.8 
C87-2 25.49 25.49 1668 86.6 75.8 
C87-3 25.49 25.49 1668 86.6 75.8 
C87-5 25.49 25.49 1668 86.6 75.8 
C87-6 25.93 25.93 1697 88.1 77.1 
C87-7 25.49 25.49 1668 86.6 75.8 
C87-8 25.93 25.93 1697 88.1 77.1 
C82-1 24.16 24.16 1581 82.1 71.9 
C76-1 22.45 22.45 1469 76.3 66.8 
C72-1 21.22 21.22 1389 72.1 63.1 
C65-1 19.25 19.25 1260 65.4 57.3 
C50-1 17.66 14.68 961 50.0 43.7 
C40-1 17.66 11.76 770 40.0 35.0 

1.5 tonne ropes R91-1 13.46 13.46 1762 91.5 73.3 
R91-2 13.46 13.46 1762 91.5 73.3 
R91-3 13.46 13.46 1762 91.5 73.3 
R91-4 13.43 13.43 1757 91.3 73.1 
R91-5 13.43 13.43 1757 91.3 73.1 
R91-6 13.46 13.46 1762 91.5 73.3 
R85-1 12.44 12.44 1629 84.6 67.8 
R85-2 12.42 12.42 1625 84.4 67.6 
R80-1 11.77 11.77 1540 80.0 64.1 
R30-1 8.70 4.49 588 30.5 24.5 

" % NBL: percentage of nominal breaking load. 
b % ABL: percentage of actual breaking load. 
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T A B L E  I I I  Specimens tested under varying loads 

Stage 

Specimen VRI Specimen VR2 Specimen VR3 

Duration Load Durat ion Load Duration Load 
(day) (%ABL) (day) (%ABL) (day) (%ABL) 

1st 1.02 57.0 1.01 47.4 1.00 38.0 
2nd 1.98 0.0 1.96 0.0 2.03 0.0 
3rd 6.99 57.0 7.02 47.4 6.97 38.0 
4th 7.00 65.0 7.00 57.0 6.99 47.4 
5th 7.00 73.0 7.15 65.0 7.03 57.0 
6th 9.35" 77.0 7.04 73.0 7.05 65.0 
7th - 5.82" 77.0 6.90 73.0 
8th - - - 8.49" 77.0 

"Unti l  failure 
Pretension: 77% ABL for all specimens. 
Specimens: 1.5 tonne Type G Parafil ropes. 

2.4. Tes t  rig and  i n s t r u m e n t a t i o n  
The tests were carried out in modular rigs using dead 
weight loading with a 10:1 level arrangement (Fig. 1). 
The load was transmitted to the ropes through two 
perpendicular pins, placed at both ends of the rope, 
which allowed free rotations at those points, pre- 
venting local bending of the rope. Rope extensions 
were measured with linear variable differential trans- 
formers (LVDTs), monitored with a data acquisition 
system, which gave the relative displacement between 
the terminals. Dial gauges were used to measure the 
spike bed-down which was taken into account to 
obtain the net extension. 

The precision of the strain measurements was _+ 10 
x l 0 - 6 f o r t h e l . 5 t o n n e r i g s a n d  _ _ 4 x l 0 - 6 f o r t h e 3  
tonne rigs at the 90% confidence limit (the LVDTs 
used in the 3 tonne rigs were more sensitive than those 
used in the 1.5 tonne rigs). 

3. Test  resu l t s  
3.1. Creep strains 
The general form of the creep curves is shown in Fig. 2 
for the specimens tested under constant load. This 
curve is characteristic of most materials, depending on 
the test conditions, such as applied stress and temper- 
ature. The curve is divided into three stages corres- 
ponding to primary, secondary and tertiary creep. The 
creep rate, which is fairly large in the first stage, 
gradually decreases becoming a minimum during the 
secondary creep stage. The third stage is characterized 
by a sudden increase of the creep rate and terminates 
in failure. Fig. 3 shows two typical results with these 
three stages well defined while the third test did not 
fail. Fig. 4 shows the strain responses and correspond- 
ing loading programme for the specimens tested under 
time-varying loads. 

3.2. Creep strain representation and 
creep rate 

The strain data are shown in Figs 5 -11  against 
logarithm of time. These figures show that the rela- 
tionship between strain and logarithm of time is linear 
for primary and secondary creep stages, indicating 
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that the strain time behaviour of these parallel-lay 
ropes can be described by an expression of the form 

g(t) = [3 lOg lo ( t  ) -b 1; I t > 0 (1) 

This expression has the disadvantage that at time zero 
the strain would be minus infinity, but it is clear from 
the figures that this expression Can be used at all 
practical time values (say from 1 s). In this logarithmic 
expression, the constant ~1 is the strain value at unit 
time and the slope [3 (creep rate parameter) is related 
to the creep rate d~(t) /dt  by 

d~(t ) /d t  = [3/2.3t (2) 

2475 



1.6 

1.5 

1,4 

o 

.5 t.3 
o 
I - -  

1.2 

t �9 

C76-I 'I 
1469 MPa 

T 
> 

A > 

> 

. C72-I 
1389 MPa 

C82-I 
1581 MPa 

I .C , I , I , I , I , I ' ,  I , I 

0 50 lO0 150 200 250 300 350 

Time (days) 

Figure 3 Typical creep test results. 

The values given in Table IV for the creep rate para- 
meter, [% were obtained by linear regression analysis. 
The relationship between the creep rate parameter 
and the initial strain is shown in Fig. 12, which 
indicates that 13 increases with applied stress. 

3.3. Times to break 
The times to break, tb, observed in the constant-load 
tests are shown in Table IV. The stress versus log- 
arithm of lifetime plot is shown in Fig. 13. These 
results are analysed in detail in Reference 5. 

3.4. Creep capacity 
Creep capacity is here defined as the difference be- 
tween the strain at the end of the secondary creep 
stage and the initial strain (e2 and ~o in Fig. 2, respect- 
ively), Table IV gives the values of creep capacity for 
all the specimens and Fig. 14 shows the relationship 
between this parameter and applied stress. A wide 
scatter is observed but it seems that creep capacity is 
independent of stress. 

3.5. Mode of failure 
The mode of failure observed in the tensile (Section 
2.1) and stress-rupture tests was characterized by the 
rupture of the yarns at different positions along the 
length of the specimens. In a few stress-rupture speci- 
mens, 20-30% of the yarns failed in a section close to 
one of the terminals. 

4. Discussion 
4.1. Stress dependence of the creep 

coefficient for Parafil 
One way of studying the stress dependence of the 
creep behaviour of a material is by using the i so-  
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chronous curves (stress versus creep strain curves for a 
constant time) which provide a simple check of the 
linearity, or non-linearity, of the material. An altern- 
ative way is by studying the coefficients of the math- 
ematical expressions found to represent the creep 
coefficient of the specimens tested at different stresses, 
which is adopted here. 

The creep coefficient, ~(t), is defined as the ratio of 
the creep strain, ~c(t), to the initial strain, ~o, i.e. 

= 

= - ( 3 )  

where e(t) is the total strain at time t. If the unit time is 
taken as 1 s, the corresponding strain, ~,, in Equation 
1 can be considered as the initial strain. This is 
reasonable because the choice of the time at which 
creep is considered to be zero is arbitrary because the 
load cannot be applied instantaneously. Thus, the 
expression for the creep coefficient can be written as 

B 
qb(t) = '--logto(t ) (4) 

~o 

With the values of the creep rate parameter, 13, and 
the initial strain, ~o, values given in Table IV, the ratio 
13/eo (creep coefficient parameter) for each specimen 
can be calculated. Their values are given in the last 
column of the table and plotted against applied stress 
in Fig. 15. 

It is already known that the operating stress of 
parallel-lay ropes will be governed by their stress- 
rupture properties [6]. In the great majority of prac- 
tical situations, the operating stress would not exceed 
1200 MPa, which represents approximately 60% of 
the static strength, and therefore the stress range of 
interest for the study of the viscoelastic properties, 
from a practical point of view, should be limited by the 
above value. It is instructive, however, to consider all 
the available data in order to identify any particular 
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trend in creep behaviour. If, for instance, only the few 
data points below 1200 MPa in Fig. 15 are considered, 
a decrease of the creep coefficient parameter, [~/r 
with increasing stress would be suggested. The points 
beyond 1200 MPa, on the other hand, indicate that 
this trend could be masked by the scatter of the data. 

In the absence of additional experimental data at 
lower stresses, it will be assumed, at this stage, that the 
creep coefficient parameter, J3/eo, is independent of 
stress. In this case, the best representation for it is the 
mean of the values given in Table IV, which is 
0.012/decade. (This is equivalent to assuming a linear 
relationship between the creep rate parameter, ~, and 
the initial strain, ~o, or applied stress, in Fig. 12). 
Confidence limits can be assigned to this value by 
choosing a statistical distribution for the data points. 
Fig. 16 shows that the normal distribution is adequate 

and, thus, the confidence limits can be obtained by 
multiplying the standard deviation, which was found 
to be 0.0017, by a factor which depends on the desired 
probability. For 90% certainty this factor is 1.645 
which leads to the limits • 0.003. The numerical 
expression for estimating the creep coefficient of the 
ropes can now be written, with t (s) as 

~)(t) = (0.012 _ 0.003) loglo(t) (5) 

4.2. Creep  recovery  
The creep and recovery data for the three specimens 
VR1, VR2 and VR3 (see Section 2.3), tested under 
different stresses, are shown in Table V for a 1 day 
recovery period which followed the 1 day creep period. 
The comparison between the total strain after 1 day 
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and the total recovery in the following day (last col- 
umn of the table) indicates that an almost complete 
recovery took place. The comparison between the 
initial strain and the initial strain recovery, however, 
shows that the latter amounted to 9 4 - 9 7 %  of the 

2 4 7 8  

initial strain. This is equivalent to an increase in the 
elastic modulus upon unloading as shown in Table VI. 
As the specimens were loaded again to the previous 
levels, after the 2 day recovery period, the modulus 
values were tess than those observed upon unloading, 
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but slightly greater than the values measured in the 
first stage, as shown in Table VI. These differences on 
loading and unloading behaviour might, however, be 
attributed to different loading/unloading rates, which 
were not controlled in the tests. 

The creep and recovery data corresponding to the 
first and second stages of the experiments (see Table 
III) are plotted in Fig. 17 which shows that recovery 
strain, like creep, is linearly related to logarithm of 
time. The figure also shows that the slope of the 
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recovery lines are greater than those corresponding to 
creep, for all specimens, indicating that the recovery 
rate was greater than the creep rate. The values of the 
slopes, obtained by a regression analysis, are given in 
Table VII. 
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5. C o m p a r i s o n s  w i t h  ear l ie r  w o r k  
5.1. Functional form for the creep law 
The logarithmic representation adopted here, and also 
for other tests on 60 tonne ropes [6], to represent the 
creep strain of parallel-lay aramid ropes, seems to be 
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the most widely used for Kevlar. The linearity between 
creep strain and logarithm of time has been observed 
for Kevlar 49 yarns over a period exceeding 1 year 
[7, 8] and for Kevlar 49 filaments over periods up to 
1000 h [9, 10]. In both cases a logarithmic time law 
was found adequate for creep recovery as well. Schaef- 

gen [11] reported that H Blades (in a private com- 
munication) also modelled the creep behaviour of 
Kevlar 49 using a logarithmic time law. Walton and 
Majumdar [12], on the other hand, used a power law 
to model the creep behaviour of Kevlar filaments over 
a period exceeding 4 years. 
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5.2. Creep prediction 
An important feature of the creep behaviour of Kevlar 
49 filaments reported by Ericksen [10] was the effect 
of the application and removal of an initial load. In 
multiple creep-recovery experiments, it was observed 
that the first creep curve had the highest slope, while 
those for subsequent curves were lower and all the 

same (Fig. 18). The slopes of the subsequent curves 
were on average 60% of the initial values and this 
ratio was independent of stress level. Furthermore, it 
appeared that the length of the initial creep time did 
not influence the subsequent creep behaviour. 

The comparison between the creep rate parameters, 
13, for Parafil and those for the initial creep of Kevlar 
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49 filaments is shown in Fig. 19. Noting that the values 
measured here are associated with a second creep 
load, the disagreement shown in Fig. 19 should be 
expected. If the factor 60% is applied to the values of 
the creep rate parameter for filaments a better agree- 
ment will result. An important consequence of this 
experimental observation is that the pretensioning 
procedure has the effect of not only eliminating initial 
fibre disorientation within the ropes, but it seems to 
reduce creep and, probably, the related phenomenon, 
relaxation. Additional creep and relaxation tests on 

2 4 8 4  

pretensioned and non-pretensioned specimens are 
clearly necessary to quantify the conditioning effect 
for parallel-lay ropes, and are currently underway at a 
variety of locations. An understanding of this effect 
will be fundamental in major end uses where the 
application of the pretensioning load, as recom- 
mended by the manufacturer, would not be practical. 

The conditioning effect is probably the best ex- 
planation for the high values for the creep rate para- 
meters found by Chambers and Burgoyne [-6] for 60 
tonne NBL ropes. The high values observed for these 
ropes may be attributed to the fact that they were 
tested at loads varying from 6 8 % - 9 5 %  NBL while 
the pretensioning load was only 60% NBL. 

The creep behaviour of single Kevlar 49 filaments 
over a period in excess of 4 years was studied by 
Walton and Majumdar [12]. The specimens were 
tested under three stress levels, 830, 1280 and 1830 
MPa, at room temperature. The relationship between 
creep coefficient and elapsed time for each stress level 
was modelled by a power function 

gO(t) = A t "  (6) 

where A and n are constants. For  time t (h), the values 
found for A were 0.086 at 830 MPa, 0.062 at 1280 
MPa and 0.055 at 1830 MPa, and n was found to have 
the same value, 0.086, for the three stress levels. These 
results show that the creep coefficient is stress depend- 
ent and increases as the applied stress decreases. It 
must be pointed out that only two specimens were 
tested for each stress level and, therefore, no indication 
on the scatter of the results was given. 

A direct comparison between the equations found 
by Walton and Majumdar [12] and the creep coeffi- 
cient for ropes given by Equation 5 would show that 
the values for the ropes would be less than those for 



TABLE V Creep and recovery data. (Creep time = recovery time = 1 day) 

Specimen ~ Creep Recovery 

E O g e C O -t- E e E~r gr r'or @ ~r f;~r/go Eor + ~r/eo + ~c 

(MPa) (%) (%) (%) (%) (%) (%) 

VR1 1368 1.069 0.049 1.118 1.041 0.068 1.109 0.97 0.99 
VR2 1139 0.917 0.036 0.953 0.862 0.074 0.936 0.94 0.98 
VR3 913 0.738 0.034 0.772 0.702 0.063 0.765 0.95 0.99 

2 I 
1 day 

% = initial strain 
e c = creep strain 
eo, = initial strain recovery 

(measured immediately 
after load removal) 

Sr - creep recovery 

E'or 

~r 

i 

2 days 

TABLE Vl Load/unload elastic modulus for creep/recovery 

Stage VR1 VR2 VR3 

(r E ~ E ~ E 
(M Pa) (M Pa) (M Pa) (M Pa) (M Pa) (M Pa) 

1st (loading) 1368 127 970 1139 124 210 913 123 710 
2nd (unloading) 1368 131 410 1139 132 130 913 130060 
3rd (loading) 1368 127 610 1139 127 830 913 129 050 

TABLE VII Creep rate and recovery rate parameters for the 1.5 tonne specimens tested under varying loads 

Specimen Applied Creep Recovery 
stress (MPa) 

13 Correlation !3 Correlation 
(10- 6 decade - 1) coeff• (10- 6 decade- 1) coefficient 

VR1 1368 91 0.988 - 138 - 0.995 
VR2 1139 64 0.972 - 153 - 0.996 
VR3 913 63 0.983 - 131 - 0.995 

the filaments. Tha t  is because the latter were not  

condit ioned,  i.e. the filaments were not  subjected to a 
pretensioning load before the tests, like the rope speci- 
mens in the present investigation. A more realistic 
compar ison  can be made  by mult iplying Equa t ion  6 

by the factor 0.6, which accounts  for the effect of 
condi t ioning  as observed by Ericksen [10]. This com- 
par ison is made in Fig. 20 which shows that most  of 
the por t ions  of the curves for Kevlar  49 filaments are 
conta ined within the 5% and  95% confidence limits 
found for the parallel-lay ropes. 

5 ,3 .  C r e e p  r e c o v e r y  
Another  feature of the creep behaviour  of Kevlar  49 
observed by Ericksen [10], in the multiple creep/re- 

covery experiments men t ioned  in the previous section, 

was that all the recovery curves had about  the same 
slopes in a semi-log plot; these were slightly less than 
those for the initial creep period (83%) and abou t  38% 
higher than the slopes of the curves for the subsequent  

creep periods. It was also found that the recovery rate 
parameter  depends on stress in the same way as the 
creep rate parameter,  with similar scatter. 

The results found for the ropes are rather  different. 
Table VII shows that the ratio between the recovery 
and creep parameters  was higher than that observed 
by Ericksen [10]. It must  be pointed out  that the 
load /un load ing  rates were controlled in the experi- 

ments  conducted by Ericksen [10] and, therefore, his 
results may be more realistic than those found here. 

2 4 8 5  
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Figure 17 C r e e p  a n d  r ecove ry  a t  different  stresses ( ~  a n d  ~, as def ined in T a b l e  V). (a) Spec imen  VR1,  stress = 1368 M P a ;  (b) Spec imen  VR2,  

Stress = 1139 M P a ;  (c) Spec imen  VR3,  s t ress  - 913 M P a .  

5 . 4 .  S t r e s s  d e p e n d e n c e  o f  t h e  c r e e p  

b e h a v i o u r  
T h e  deg ree  o f  stress d e p e n d e n c e  o f  the  c reep  behav i -  

ou r  o f  K e v l a r  49 is still an  u v r e s o l v e d  point .  C o o k  et  

al. [73, H o w a r d  [83 and  Er i cksen  [103 agree  u p o n  
the  l o g a r i t h m i c  t ime  law, b u t  n o n e  of  t hem wen t  fur- 

the r  to q u a n t i f y  the  stress d e p e n d e n c e  o f  the  c reep  

coefficient.  
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Figure 18 Repeated creep and recovery curves for Kevlar 49 fila- 
ments at room temperature. Creep load = 14.9 g [10]. 

Blades (quoted in Reference 11 reported that the 
total strain at time t may be estimated by the ex- 
pression 

s  = g l  -'}'" I ~ l C  l o g l o ( t )  (7 )  

where a t is the strain at unit time and C is a constant 
which was found to be 0.016 for Kevlar 49 and 0.024 
for Kevlar 29. If the time t in the above equation is 
expressed in seconds, the strain, a~, may be considered 
as the initial strain and the constant, C, would be the 
creep coefficient parameter as defined in Equation 4. 
Thus, as in the present study, the creep coefficient for 
Kevlar was also assumed to be stress independent. 
The difference between the values 0.016 for Kevlar and 
0.012 for the ropes might be explained by the condi- 
tioning effect mentioned in Section 5.2. Unfortunately 
no information is given in the paper by Schaefgen [11] 
on this aspect of the test procedure. 
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Figure 19 L o ~ l o g  plot of creep rate parameter versus load, for ( x ,  
o) Kevlar 49 non-conditioned filament specimens [10] and (D, 2x) 
conditioned Type G Parafil specimens. ( x ) LVDT measurements, 
(o) optical strain measurements, ( ~ )  1.5 tonne ropes, (A) 3 tonne 
ropes. 

The results reported by Walton and Majumdar 
[12], on the other hand, showed that the creep coeffi- 
cient was stress dependent as already mentioned in 
Section 5.2. 

6. P red ic t ion  of  c reep  under  
v a r y i n g  load 

The major consequence of the assumption that the 
creep coefficient, and so the creep compliance, is inde- 
pendent of stress, is the linearity of the viscoelastic 
behaviour of the material. Thus, the Boltzmann super- 
position principle can be applied to predict the creep 

--g 
w 

w 

8 
D. 

0.200 L ' ' " ' ' ' ' 

0.175 

/ 
O. 150 / /  

- / /  

- s J  
s S 

ly lOyr lOOyr 
~I-~, , w , r , ~ , , [,  , I , I I [ 

i 2 3 4 5 6 7 8 9 tO 

0.125 

O.lO0 

0.075 

0.050 

0.025 

0 
0 

LOqlo time (Ioq s) 

Figure 20 Comparison between the creep coefficients for Parafil and Kevlar filaments. The curves for filaments were plotted using the 
equations proposed by Walton and Majumdar  [12] multiplied by 0.60 to account for the conditioning effect as observed by Ericksen [10]. 
( ) Type G parafil, 5% and 95% confidence limits. Kevlar 49 filaments, stress: ( -  ) 830 MPa, (: - -) i280 MPa, ( - - -  ) 1830 MPa. 
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Figure 21 Comparison between ( ) predicted and (e) observed creep strains of parallel-lay aramid ropes under varying loads, for (a) 
Specimen VR1, (b) Specimen VR2, (c) Specimen VR3. 

behaviour under varying load. This principle states 
that (a) the creep strain is a function of the entire 
loading history, (b) each Ioading step makes an inde- 
pendent contribution to the final strain, and (c) the 

2 4 8 8  

final strain can be obtained by the simple addition of 
each contribution. 

For a loading programme in which incremental 
stresses A(~, Aa2, A~3, etc, are added at times t l ,  tz, t3, 



etc, the total strain at time, t, is obtained by 

~(t) = A o # ( t  - q )  + A o # ( t  - -  t9 

+AcY3J( t - t3 )  + . . .  (8) 

where J(t) is the creep compliance 

S(t) = ~(t)/cr = [1 + qb(t)]/E (9) 

The creep strain, 8c(t) = ~(t) - ~o, can be obtained 
by considering only the time-dependent term of the 
creep compliance [dO(O/E l in Equation 9. Thus 

go(t) = [Afirlqb(t - -  t l )  + A(Y2~(t  - t2) 

+ A(Y3qb(t - -  t3) + . . . ] / E  (10) 

A comparison between the creep strain for speci- 
mens VR1, VR2 and VR3 (see Table II1) and the creep 
strain values given by Equation 10 is shown in Fig. 21. 
The creep coefficient was obtained by 

d~(t- ti) = (0.012 ___ 0.003)logao(t - ti)/E (11) 

where E is the elastic modulus given in Table VI for 
the first loading stage, and the stress increments for 
each specimen were obtained from Fig. 4. Fig. 21 
shows that the agreement between the experimental 
and predicted results is reasonable, given the un- 
certainty with which the creep coefficient was calcu- 
lated. 

7. Conclusions 
The creep behaviour of Type G Parafil ropes at 
ambient temperature has been studied over a period of 
up to 580 days. The results of the experimental invest- 
igation conducted on ropes of 1.5 and 3.0 tonne 
nominal breaking loads has shown that: 

1. creep and recovery in parallel-lay ropes can be 
adequately described using a logarithmic time law; 

2. the creep rate at any time increases with stress; 
3. a considerable scatter in the measured creep rate 

values was observed and this seems to be a character- 
istic of the material; 

4. the creep coefficient for parallel-lay aramid ropes 
can be considered stress independent and estimated, 
with 90% certainty, by the expression qb(t)= (0.012 
-I- 0.003)logl0(t), where t is expressed in seconds; 

5. the comparison between the creep rate values for 
parallel-lay ropes and Kevlar 49 fibres indicated that 
the application of a pretensioning load has the effect 
of reducing the creep strain of ropes in subsequent 
loading. 
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