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SYNOPSIS 

Starting from Xhurkov’s and Bartenev’s theories and connecting them with Bailly’s theorem 
and the structural analysis based on the rheological model, a method of determination of 
parameters describing the durability of multifilament is presented. Experiments carried 
out on polyester and polyamide filament yarns confirmed proposed method. 

INTRODUCTION 

Mechanical properties of multifilaments are affect- 
ing their behavior during manufacturing them into 
half-products (for example, into plied yarns) and 
into fabrics. The properties of final products are also 
influenced by mechanical properties of multifila- 
ments. 

In order to check a quality of multifilaments, an 
immediate strength is measured on tensile testers. 
As a characteristic, a mean value of maximal forces 
registered during the stretching of the assumed 
number of samples and a mean value of strain at 
that maximal force are always given. 

It is a simplification, because, during the utili- 
zation of textile products (also multifilaments) , the 
stresses imposed on them are lower than critical. 
These stresses have changeable values and a period 
of time for their application. The use of traditional 
methods of an immediate strength measurement is 
based on an assumption that greater strength as- 
sures a better fiber durability during its utilization, 
or that the fulfilling of a given minimal value of 
strength assures the manufacturing of multifila- 
ments into fabrics without difficulty. 

More accurate results can be achieved by using 
fatigue investigations of multifilaments (periodical 
stretching). The weak point of such kinds of mea- 
surements is their laboriousness, so that they are 
justified only in research (when the new types of 
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multifilament or their treatment is checked) but 
they have a limited application during routine mea- 
surements. 

ASSUMPTIONS 

As mentioned, the traditional parameters used for 
quality assessment of fibers, yarns, and fabrics are 
a maximal force carried out by an examined sample 
and a strain of sample in the same moment. They 
are generally the critical values at which the sample 
is broken on traditional tensile testers, having pen- 
dulum type dynamometers. 

Goodbrand produced tensile testers for stroke 
measurements, but then (19th and 20th century) 
they were not spread out. Now, there is a need to 
build the analogical machines, but requirements 
concerning the speed of stretching are greater than 
they were before (for example, to measure the 
strength of seat belts). In that case a rupture work 
is a characteristic value because the finding of re- 
lationships between stress and strain is very difficult 
as well as the determination of the critical values of 
both characteristics. 

Finally, moving to the requirements of users, an 
immediate strength (tenacity) and strain are mea- 
sured using determined parameters of measurement 
(sample dimensions, time of stretching up to break 
or stretching speed, a way of sample straightening- 
an initial load). 

Development of the theory of polymer (fiber) 
material durability and critical analysis of the results 
of multifilament strength measurement suggest the 
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possibility of expanding a research approach and 
using fully the results obtained, especially during 
the carrying out of untypical research (examining 
of the new types of multifilaments and their modi- 
fication, or of the changes which have taken place 
during the use of different measurement conditions 
and so on).  

The starting point here is Xhurkov's equation' 
combining a sample lifetime (time of stress acting 
up to break) with a stress. Starting from the Ar- 
rhenius' equation, Xhurkov obtained the following 
equation: 

where 7 = a sample lifetime, 70 = a period of oscil- 
lation of molecule chains ( 10-'3-10-'2 s) taking part 
in breaking or rebuilding the crosslinking, Uo = an 
activation energy of the process of the mechanical 
destruction of fiber material, y = a structural coef- 
ficient, Q = a sample stress, R = Boltzmann's con- 
stant, and T absolute temperature ( K )  . 

Bartenev2 made this equation more precise by 
introducing into it a minimal stress Qo , below which 
a sample has an infinitely long lifetime and a second 
value of Qcr at which a sample is broken with a speed 
of the spreading of crack in the material. The general 
relationship between the durability and stress is il- 
lustrated in Figure l. Xhurkov's equation concerns 
samples which are loaded statically by stress Q. 

Bailly3 analyzing the durability of glass multifil- 
ament found that for each load (stress) there is a 
characteristic value (which agrees with Xhurkov's 
theory), and it does not matter if the sample is 
loaded monotonously or if some breaks exist during 
the loading. Based on this, he assumed that a sum 
of ratios of time of the stress acting At ( Q )  and a 
sample lifetime under such a load 7 ( Q )  is equal to 
1: 

4'1 

Figure 1 
and stress. 

A general relationship between a durability 

If time of the stress Q acting decreases in such a 
way that it can be replaced by the differential, then 
the following expression is obtained as a limit: 

where 7 [ Q ( t ) ]  = a sample lifetime under stress Q 
and Q ( t )  = a value of sample stress in moment t 
(measured from the beginning of loading). 

When samples are stretched on tensile testers 
having a constant rate of strain, then an elongation 
of the sample is 

x = c t  (4) 

and the strain of the sample is 

where c, c1 = successively absolute and relative 
stretching speed and lo = an initial sample length. 
From eq. (5)  we have 

t = t / C 1  ( 6 )  

which after inserting this into eq. ( 3 )  gives 

(7 )  

Replacing 7 by the value calculated in eq. ( 1 ) , we 
have 

In the case of carrying out research in constant 
temperature ( T = const), values of 7 0 ,  Uo, and y 
ought to be constant as well as the value of R. 
Therefore, eq. ( 8 )  can be written in the following 
way: 

where A = ~ ~ e x p (  U o / R T )  and b = y / R T .  
To be able to use this equation, a stress-strain 

relationship Q = f ( c )  is needed. 
Xhurkov's equation combines a sample lifetime 

with a stress Q based on a difference between the 
activation energy Uo and a product of yQl.  

To use eq. (9)  for prediction of an elongation at 
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the moment of break at assumed stretching condi- 
tions, it is necessary to know a relationship between 
the stress and strain of a sample. It can be found 
based on rheological  model^,^ which lead to equa- 
tions of the following form, 

Q = M E  + Ncl[l - exp(-Kt/cl)] (10) 

where M ,  N, and K are coefficients, values of which 
depend on parameters of the rheological model, and 
c1 = rate of strain, or based on empirically deter- 
mined mean shapes of these relationships. 

Based on the rheological model, curves shown in 
Figure 2 are obtained. The shape of these relation- 
ships is similar for the effective samples (of fibers 
or yarns). In both cases, when the unit (specific) 
speed of stretching increases, the stresses take higher 
values for the same values of strain. 

If the right side of eq. (10) is inserted into eq. 
(9), then an integration cannot be done. To illus- 
trate the direction of quantitative changes, it can be 
assumed that, in a range of elongation, where the 
creep of sample is predominant, the stress-strain 
relationship has a linear shape [according to the 
equation which is close to the asymptote equation 
in eq. ( 10) ] according to the approximation proposed 
by Platt5: 

where values of G and H are determined experi- 
mentally for given multifilament; the value of G ac- 
cording to eq. ( 10) is a function of speed of stretching 
and the value of H should be approximately con- 
stant. 

If we insert eq. ( 11) into eq. (9),  then we obtain 

[exp[b(G + H E ) ]  de 

= (l/bH)[exp(bQ,) - exp(bG)] -Acl  (12) 

Figure 2 
based on the rheological model. 

Curves representing fiber stress vs. strain 

Substituting the values of G ,  H ,  and t, obtained from 
the experiment, the values of b and next A can be 
found. 

AN INTERPRETATION OF RESULTS OF 
MEASUREMENT IN A LIGHT OF 
MODEL SOLUTIONS 

In the previous section, the theoretical relationships 
between polymer lifetime and its internal properties 
characterized by an activation energy Uo and a 
structural coefficient y as well as lifetime depen- 
dence on sample stress were presented. Next, a pos- 
sibility of the connection material lifetime with im- 
mediate measurements by using the rheological 
models was indicated, and then a way of simplifying 
them for the purpose of calculation was shown. 

Material strength-its lifetime-is a basis of pre- 
diction: first, a strength of filament, next, of mul- 
tifilament, and, finally, of fabrics made of this mul- 
tifilament. 

If Bartenev’s theory is taken into account, then 
the boundary value of stress which does not lead 
into the sample (filament) destruction, even in an 
infinitely long period of time, is an elasticity limit 
of sample. Beyond this limit, changes in shape of 
the stress-strain relationship are observed. These 
changes lead to sample destruction in different pe- 
riods of time. The bigger stress is acting, the shorter 
period of time up to break is observed. The breaking 
stress of a sample is influenced by its local weak 
places, which have a different genesis and form. 
They can be caused by strange bodies not connected 
with a filament material or only weakly connected 
with it-they have then a hole character; in other 
cases, they can be caused by damages of a surface 
in form of transversal or skew cracks. 

Summing up the above considerations, we can 
conclude that there are two aspects of mechanical 
fiber properties: 

( 1 ) their lifetime as internal ( intrinsic) feature 

( 2 )  their strength as an accident. 
of material, 

If we knew all the parameters needed to determine 
the material lifetime, we would be able to predict 
the lifetime as well as the other sample parameters 
(strength or breaking strain) for the assumed shape 
of the sample made from this material and for given 
measurement conditions. The determination of pa- 
rameters characterizing the lifetime of sample ma- 
terial is somewhat difficult, especially if we want to 
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use the data obtained from standard measurements 
of mechanical properties. It must be remembered 
that filaments have a skin and core having different 
structural and mechanical characteristics. 

In eq. ( 1 )  on the material lifetime, there is only 
one constant-Boltzmann’s constant. The temper- 
ature T was assumed constant during the experi- 
ment. Stress Q has a value assumed by the person 
leading the experiment. Therefore, there are only 
three parameters to determine: T ~ ,  Uo, and y. In 
that experiment the value of lifetime 7 is measured 
as a function of the other parameters. 

In the case of such bodies like fibers, we can find 
the real value of stress, which is constant because 
of the constant value of force acting on a sample, 
just after a sample breakage, when the area of cross 
section at the place of breakage has been measured. 
Then we have generally different values of Q for 
each sample. Consequently, we still assume that Uo, 
y, and 70 have a constant value in all samples made 
from a given material. 

Let us come back to eq. ( 1 ) .  After logarithming 
it by sides, we have 

1 n 7 = l n T 0 +  ( U o - y Q ) / R T = l n A - b Q  (13 )  

On the basis of the following equation we can see 
that, at different values of Q, only the entire value 
of In A = (In 70 + Uo/RT) and the value of b = y /  
R T  can be found as mentioned previously. If we 
wanted to check the adequacy of Xurkov and Bar- 
tenev’s theory as well as Bailly’s theorem, we would 
have to look for a solution leading to achieve a real 
value of the stress in moment of a sample breakage. 

As is commonly known, during the breaking of 
individual filaments the populations of results of 
breaking force Fr and breaking strain t, are obtained. 
As previously found, the stress-strain relationship 
of samples made from the nonuniform material 
having a different value of area of cross section ( a  
specimen has changeable thickness along its length) 
is given by the following equation: 

It was also proved that a thickness distribution 
$ ( A )  has an insignificant influence on the strain- 
stress relationship E = f ( F / A  ). Very significant for 
the critical (breaking) value of strain is the ratio of 
A 2 / A 1  (A, = the area of cross section in the thickest 
sample place; A ,  = the area of cross section in the 

thinnest sample place). As a result, if the relation- 
ship t = f ( F / A )  for the uneven sample has been 
determined and in a special experiment a value of 
the breaking force of very short elements near the 
place of breakage has been found, then an approx- 
imate form of relationship t = f ( F/A) for the sample 
material can be obtained and a critical value of 
breaking strain can be determined. 

There is a basis for judging that the strength of 
very short elements (for example, 1 mm between 
jaws) corresponds to the strength of the undamaged 
fiber elements (having the area of cross section equal 
to A2 in a long sample) and that the sample breakage 
has taken place in the thinnest place (A,).  There- 
fore, the breaking force of the long sample is 

and the breaking force of the short sample is 

Dividing these equations, we have 

Knowing that value and assuming a type of 
thickness distribution inside sample elements being 
broken, an approximate shape of the stress-strain 
relationship of even samples as well as their poten- 
tial elongation in moment of breakage can be de- 
termined. 

It is very time-consuming work and it can be done 
in special cases with some eventual modifications 
concerning determination of a real value of the 
breaking force or stress of  filament^.^ For technical 
purposes it seems to justify using a simplified 
method. 

We assume that, in all measurement variants, all 
kinds of fibers belong to the same population (when 
we examine the same multifilament in different 
conditions). The multifilament consists of the same 
number of filaments having analogical structural- 
morphological imperfections. When the multifila- 
ment has been stretched, the individual filaments 
are broken successively and, as a result, the graph 
of a staircase stress-strain curve as an illustration 
of the relationship between a tensile force of mul- 
tifilament and its strain is obtained (Fig. 3 ) .  

According to that what was said before, for the 
purpose of characterizing the immediate strength 
parameters, a maximal force W, and a corresponding 
strain E ,  are given. As results from probabilistical- 
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Figure 3 The relationship between a tensile force of multifilament and its strain. 

A 

mechanical considerations, these parameters are 
characteristic for the moment of break of the first, 
second, or third filament? If the number of filaments 
is more than 20, a thread carries the lower load dur- 
ing further stretching. 

If the graph of the force-elongation curve is done 
up to the break of the last filament, then an ap- 
proximate value of the mean breaking force of the 
individual filament and the analogical value of the 
strain can be determined based on this graph. For 
that purpose we draw a tangent BD at the end of 
curve (near t,, but before the place of breakage of 
the first filament). Through points B and D we draw 
ordinates (down) to cross the abscissa axis at points 
A and C .  Then we divide these ordinates in half, 
obtaining points K and M .  Through these points 
we draw a straight line crossing an experimental 
curve. In such a way we obtain a point ( e l ,  W ’ / 2 ) ,  
which gives us a value of half of the force loading a 
bundle (W’)  made from (potentially) unbroken fi- 

bers. It is an approximate mean value of the breaking 
force of filaments in the stretched multifilament. 

Moreover, coordinates of force and elongation in 
points B and D are used to find equations of the 
linear regression between a force (or stress) and a 
strain: 

which are needed for calculations according to 
eq. ( 1 2 ) .  

According to that equation, we have 

where Q, = a mean value of stress calculated based 
on the ordinate of the point where the straight line 
crosses an experimental curve ( W’) , Qo can be sub- 
stituted by the value of an appropriate stress (te- 
nacity) found on the ordinate axis (force W’ divided 
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Figure 4 
of speed of stretching in different temperatures in the case of polyamide multifilament. 

The mean values of breaking forces W,,, and W' as a function of a reciprocal 

by thickness of multifilament): W ' / T t  = Qo = G, 
H = ( Q, - Qo) / E , ,  and er = a breaking strain. 

In eq. ( 19) we have two unknown values: Al = Acl 
and b. As stated previously, coefficients A and b are 
almost independent of the stretching speed. There- 
fore, inserting values of Qo, &,, and H in the suc- 
cessive experiment variants, we obtain 

where index i = 1, 2, 3 corresponds successively 

to the values obtained at speeds 1, 10, and 200 
mm/min. 

EXPERIMENTAL 

Material and Measurement Method 

Measurements tending to the verification of rela- 
tionships presented previously are carried out for 
two multifilaments: polyamide of linear density 24 
mg/m (tex)/24 filaments, and polyester of linear 
density 18 mg/m (tex)/32 filaments. Both multi- 
filaments are without twist. 

An analysis of the stress-strain relationship was 
t It is assumed that there is no correlation between the fiber received On an Instron tester at three rates 

thickness and its elongation at the moment of break. of strain: 1, 10, and 200 mmlmin. 
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Figure 5 
of speed of stretching in different temperatures in the case of polyester multifilament. 

The mean values of breaking forces W,,, and W’ as a function of a reciprocal 

Examined samples were prepared in a special way. 
Random chosen segments of multifilaments were 
glued in paper patterns. The samples were stretched 
up to break of the last filament, registering the value 
of tensile force all the time. A maximal value of force, 
W,,,, and corresponding to it the value of strain as 
well as values of W‘ and XF were read from the graphs 
after making the earlier construction described. The 
area limited by the stress-strain curve from point 
(0 ,  O ) ,  through points (Wmax,  Xmax),  ( W ’ / 2 ,  A,) to 

the last point ( W = 0, X = the elongation of the last 
broken filament) was measured using a planimeter. 

The samples were broken into three tempera- 
tures: 20, 100, and 150°C in the thermic chamber. 

The mean values of breaking forces W,,, and W’ 
are shown in Figures 4 and 5, whereas the mean 
values of strains A,,, and A, are shown in Figures 6 
and 7. The graphs of rupture work are shown in 
Figures 8 and 9. On the abscissa axis the reciprocal 
of the ratio of strain in a logarithmic scale is used. 
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Figure 6 
speed of stretching in different temperatures in the case of polyamide multifilament. 

The mean values of elongations A,,, and A, as a function of a reciprocal of 

For each examined variant 10 measurements were 
done. 

The elongations at moment of break of polyamide 
multifilaments decreased with the increase of time 
of stretching (the decrease of ratio of strain). They 

Interpretation of the Results 
are growing significantly with the increase of tem- 
perature. 

The graphs illustrate significantly the almost linear 
decrease of breaking forces W,,, and W‘ with the 
decrease of ratio of strain (and so with the increase 
of time of stretching). The temperature increase 
causes a decrease in lifetime, but a linear character 
of the relationship between time of stretching and 
a breaking force is left approximately constant. 

In the case of polyester multifilament the influ- 
ence of the ratio of strain on value of elongation is 
not seen, but the influence of temperature is syn- 
onymously seen-with its increase, the breaking 
strain also increases. 

The rupture work up to the break of polyamide 
multifilament decreases with the decrease of the ra- 
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Figure 7 
speed of stretching in different temperatures in the case of polyester multifilament. 

The mean values of elongations A,,, and A, as a function of a reciprocal of 

tio of strain and the smallest values are obtained at 
temperature 20°C, a little bigger a t  temperature 
lOO"C, and the biggest ones at temperature 150°C. 

A similar arrangement of results is obtained for 
polyester multifilament with a restriction that the 
value obtained at temperature 20°C at speed 10 mm/ 
min is a little bigger than at speed 200 mm/min. 

Starting from eq. ( 12) ,  trials for the determina- 
tion of the values of A and b parameters were un- 
dertaken based on the determined values of G, H 
and er (from stress-strain graphs). Remembering 
that 

A = Toexp( U o / R T )  
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Figure 8 
stretching in different temperatures in the case of polyamide multifilament. 

The mean values of rupture work as a function of a reciprocal of speed of 

and lated. The values of these parameters are given in 
Table I. 

Analyzing these data, one can state that values 
of the parameter G = Wo/Tt  (T t  = linear density 
of the multifilament) increase with the ratio of 
strain, which agrees qualitatively with results of 
analysis based on the rheological model. 

The values of the parameter H = ( W,,, - WO 1 / 
Ttc do not show significant dependence on the ratio 
of strain (which also agrees with the rheological 

b = -y/RT 

so that these two values are functions of the envi- 
ronment temperature during stretching, the values 
of the above-mentioned parameters G ,  H ,  and t, ob- 
tained in constant temperature at ratios of strain 
successively c1 = 1 mm/min (1/60 mm/s) and 
c2 = 200 mm/min (200/60 mm/s)  were calcu- 
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Figure 9 
stretching in different temperatures in the case of polyester multifilament. 

The mean values of rupture work as a function of a reciprocal of speed of 

model). At temperatures 20 and 100°C the values 
of H rather decrease with the increase of the ratio 
of strain, whereas a t  150°C an insignificant increase 
of values of this parameter is observed for polyamide 
and polyester multifilaments. 

Calculations of A and b values were done in the 
following way: We have two equations for two ratios 
of strain c1 and c2: 

Analysis of experimental data shows that the 
expression Q, - G = H E ,  has similar values for all 
speeds. Therefore, it can be assumed that, in the 
case of stretching of the samples at the same tem- 
perature, 
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Table I 
Measurement Conditions 

The Values of Tensile Forces F and G( Wo),  W Parameters in (cN/tex) in Different 

Temperature ("C) 

Ratio of 20 100 150 
Strain 

L.p. Multifilament (mm/min) F G H F G H F G H 

2. Polyamide 1 53.2 24.5 1.67 43.3 25.1 0.829 31.3 19.6 0.380 
10 57.0 29.5 1.51 47.7 29.8 0.746 35.0 21.0 0.469 

200 61.2 34.5 1.39 51.9 33.8 0.796 41.4 25.0 0.488 
3. Polyester 1 19.0 21.1 0.412 15.9 14.9 0.372 13.8 10.9 0.281 

10 21.1 22.7 0.385 16.6 15.1 0.385 14.8 11.0 0.314 
200 21.0 24.6 0.500 17.8 16.9 0.215 15.6 12.4 0.318 

so that, dividing previous equations, we have based on the above equations and on experimental 
data are given in Table 11. 

Analyzing these data it can be noticed that a reg- 
ular arrangement of parameters occurs in the case 
of the polyamide multifilament. The value of pa- 
rameter b = y / R T ,  under the assumption that y 
has a constant value, decreases with the increase of 
temperature (but changes are greater than result 
from calculated values). The situation looks similar 
in the case of parameter A :  

c1Ic2 = [ H ~ ~ x P  (bQrl ) 1 / [Hlexp (bQr2) 1 ( 2 2 )  

which after a simple transformation gives us 

b = [l /(  Qrl - Qrz)]ln [cllH1/c12H2] (23)  

After calculation of the value of b ,  the value of con- 
stant A can be found: 

The values of coefficient b and constant A obtained Considering the polyester multifilament, similar re- 

Table I1 The Values of b and A Parameters calculated Based on Data Given in Table I 

Ratio of Strain, 
Multifilament Temperature ("C) c (mm/s) b A (s) 

Polyamide 

Polyester 

20 

100 

150 

20 

100 

150 

1/60 
1/6 

10/3 
1/60 
1/6 

10/3 
1/60 
1/6 

10/3 
1/60 
1/6 

10/3 
1/60 
1/6 

10/3 
1/60 
1 /6 

10/3 

0.639 3.26 X 10l6 
4.09 X 10l6 
3.25 X 10l6 

0.611 3.72 x 1013 
5.98 x loi3 
3.65 x 1013 

0.549 8.33 x lo9 
5.15 x lo9 
8.32 x 109 

0.985 1.07 X 10l6 
12.81 X 10l6 
1.07 X 10l6 

0.486 X loz4 
1.763 2.45 x loz4 

2.49 x 1 0 2 ~  

1.465 7.64 x 1017 
288 x 1017 
7.55 x 10'7 
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Table I11 The Values of U/R + T In T~ and y 

Temperature 
Multifilament ("C) U/R+ T h r O  y 

Polyamide 20 11144 187 
100 11655 227 
150 9662 232 

Polyester 20 10814 289 
100 20947 658 
150 17418 620 

lationships are observed at temperatures 100 and 
15OoC. 

Remembering that values of A and b are given by 
the above equations, the values of U o / R  and y / R  
can be found from equations 

U / R  + T In 7 0  = T In A (25) 

y / R  = bT ( 2 6 )  

Calculated in such a way values are given in Ta- 
ble 111. 

For the polyamide multifilament we obtained re- 
sults which do not differ too much from each other. 
For the polyester multifilament we can see some 
discrepancies between values obtained at tempera- 
tures 20, 100, and 150"C, which is connected with 
structural changes in the material a t  a temperature 
of about 100°C. 

Comparing data shown above for polyamide mul- 
tifilaments with Bartenev's data, one can state that 
values of the coefficient b are close to each other. 
Considering the value of parameter A ,  Bartenev 

starting from data pertaining to the fiber structure 
obtained A = 2 X loz1 s, wheras we obtained a value 
of A equal to 3.3 X 10l6 s. This is due to the above- 
mentioned irregularity of multifilament thickness 
which causes the decrease in strength and durability. 
It is confirmed by different values of strength ob- 
tained by Bartenev (83 cN/tex) and us (57 cN/ 
tex) . This difference causes the decrease of lifetime 
(such a big one, because the stresses are exponen- 
tial). It can be said that the method presented gives, 
in a relatively short period of time, data necessary 
to characterize durability parameters of multifila- 
ments a t  different loads and different temperatures. 

Knowing the values of A and b parameters, an 
approximate value of multifilament durability can 
be determined at  known tenacity and temperature. 
In Table IV results obtained for examined multifil- 
aments are shown. That kind of prediction enabled 
relatively fast designing of technical fabrics. 

CONCLUSIONS 

Starting from Zhurkov's and Bartenev's theories and 
connecting them with Bailly's theorem and the 
structural analysis based on the rheological model, 
a method of determination of parameters describing 
the durability of the multifilament loaded by differ- 
ent stresses at known temperatures is presented. 

Based on the results obtained experimentally and 
on an analysis of these results the following conclu- 
sions can be drawn: 

1. Having the stress-strain graphs for multifil- 
aments done on tensile testers working at  the 

Table IV 
(in s) at Constant Load 

Predicted Value of Multifilament Lifetime 

Temperature ("C) 

Multifilament Q 20 100 150 

Polyamide 10 5.47 x loi3 8.26 x ioio 3.44 x lo7 
20 9.18 X 10" 1.83 X 10' 1.42 X lo5 
30 1.54 X lo8 4.07 X lo5 5.86 X 10' 
40 2.59 X lo5 9.04 X 10' 2.42 
50 4.34 X 10' 2.01 

Polyester 10 5.64 X 10" 5.40 X 10l6 3.32 X 10' 
20 2.98 x lo7 1.19 x 109 1.44 x 105 
30 1.57 X lo3 2.63 X 10 6.25 X lo-' 
40 8.28 X lo-' 5.79 X 
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constant rate of strain principle, the param- 
eters necessary for the prediction of multifil- 
ament durability at assumed conditions can 
be determined. 
For the purpose of characterization of a mul- 
tifilament durability, it is better to base on 
approximate values of mean force and elon- 
gation at the moment of break obtained as a 
result of a simple geometrical construction. 
The experimental results confirmed the in- 
fluence of the ratio of strain on the values of 
stress (tenacity) at the moment of break and 
of the rupture work. The changes of strain 
are not too significant. 
All measured parameters have been influ- 
enced significantly by the environment tem- 
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