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n Introduction
It is well-known that the woven fab-
ric’s qualities are closely dependent on 
the structure of the fabric. The tensile 
qualities of woven fabric have been re-
searched by Nikolic and others [1]. He 
proposed investigating woven fabric’s 
strength as a function of thread strength, 
fabric density and thread strength coef-
ficient. It was established that as thread 
strength increases, the woven fabric’s 
strength also increases. While investigat-
ing woven fabrics of different weaves, it 
was established that plain weave is the 
strongest. Frydrych et al. [2] investigated 
the influence of woven fabric finish-
ing, weft setting and raw materials on 
the elongation at break. Wang et al. [3] 
analysed the interrelation between warp 
and weft thread during the deformation 
of shearing. During the experiment, 
theoretical equations were established 
which describe the dependence between 
shearing rigidity and woven fabric struc-
ture. For short float weave fabrics, the 
dependence on friction change ratio and 
the contact warp & weft area is approxi-
mately rectilinear. Milašius et al. [4 - 6] 
investigated the influence of woven fab-
ric structure on fabric air permeability, 
abrasion resistance and some of the tech-
nological properties of woven fabrics. 
It was established that as woven fabric 

structure density increases, air perme-
ability decreases and abrasion resistance 
increases. To summarise, many studies 
have been performed on the woven fabric 
structure’s influence on different fabric 
properties, but woven fabric strength has 
scarcely been investigated. Therefore, in 
this article we investigate those very fab-
ric properties and their relationship with 
the woven fabric’s structure. 

n Fabric factors
Woven fabric stucture is complex, be-
cause in its evaluation we need to take 
into consideration many woven fabric 
structure parameters, such as warp and 
weft materials, warp and weft linear 
density, warp and weft settings and fabric 
weave. All these woven fabric structure 
parameters can be evaluated together 
as well as separetely, but woven fabric 
weave evaluation is the most complex, 
because it is important to consider the 
nature of the float, its arrangement, in-
terlacing of adjacent threads, etc. Many 
authors (Ashenhurst [7], Galceran [8], 
Brierley [9]) have proposed woven fabric 
weave factors. Milašius [10] proposed 
his weave factor P1. Its point of distinc-
tion is that he evaluates the interlacing 
of adjacent threads, whereas many other 
weave factors only evaluate the interlac-
ing of a single thread, and can easily be 
calculated using the weave matrix. 
When evaluating all the woven fabric 
structure parameters, integrated fabric 
structure factors are used. Various au-
thors (Newton [11], Seyam [12], Gal-
ceran [8], Brierley [9], Galuszynski [13]) 
evaluate all the woven fabric parameters 

in different ways and present different 
factors. Perhaps the most recent one is 
Milašius’ [14] proposed integrated struc-
ture factor ϕ. This can be described as a 
ratio of the analysed woven fabric setting 
and the standard woven fabric setting, 
and is calculated according to the follow-
ing formula: 

where:
T1 – the warp linear density,
T2  – the weft linear density,
Tav  – the average woven fabric thread 

linear density,
P1  – Milašius’ weave factor,
ρ  – the raw material density,
S1  – the woven fabric warp setting,
S2  – the woven fabric weft setting.

The standard woven fabric is made with 
the maximum density  of  threads, using 
plain weave, and maximum thread setting 
(all for both: warp and weft). Milasius 
integrated factor belongs to the group of 
Brierley factors, and differs from many 
other factors proposed by other authors, 
which are based on Peirce’s theory, and 
are estimated as a ratio of the thread-
covered area and the whole woven fabric 
area. Milašius’ factor is also easier to cal-
culate than other factors in this group. 

n Materials and methods
The objects of our investigation were 
woven fabrics from PES 29.4 tex (twist 
100 m-1) multifilament yarn in warp and 
weft, woven in different weft settings and 
12 different weaves, which are shown in 
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Figure 1. The weaves used in the experi-
ment were woven without resetting the 
weaving loom. The weaves were chosen 
in such way that their weave factor P1 
would be distributed in a wide range. 
Part of the weaves was with the more or 
less expressed transversal stripiness, and 
other weaves had floats evenly distrib-
uted along the whole width of the woven 
fabric. The fabrics were woven using a 
gripper STB-180 weaving loom. The 
warp setting used was 28.4 cm-1.

Breaking force and elongation at break 
experiments were carried out according 
to standard ISO 13934-1 [15] for woven 
fabrics. The experiments were performed 
with a tensile-testing machine Zwick/
Z005 in standard weather conditions. 
The coefficient of variation of the tests’ 
results was 5%. Tests were performed 
only in the warp direction, because 
woven fabric is formed along the warp, 
and it was shown in earlier tests [16] that 

the properties of woven fabric along the 
warp direction are more important. 

n Experimental results and 
discussions

Principally, dependencies of woven fabric 
strength and extensibility on fabric factor 
P1 were researched. The fabric breaking 
force’s dependence on this weave fac-
tor is shown in Figure 2. It is seen that 
as weave factor P1 or weave rigidity 
changes, the breaking force changes ac-
cidentally; that is, no correlation between 
these parameters exists. It can be noted 
that points of weaves with transversal 
stripiness and weaves with floats evenly 
distributed within the total fabric area are 
distributed evenly on both sides of the 
mean line. This shows that the points are 
distributed accidentally. However, it can-
not be said that these parameters are not 
dependent on each other, as the breaking 
force differs within a wide range.

During the tensile tests, it was noted that 
transversal striped weaves and weaves 
with floats evenly distributed within the 
total fabric area break in different ways. 
In weaves transversal striped, the threads 
break throughout the total length of the 
sample, but in samples where the weaves 
have floats evenly distributed within the 
total fabric area, breaks occur in a lo-
calised manner, i.e. in the weakest area. 
The breaking points of the test samples 
in both cases are shown in Figure 3. 
This most probably happens because in 
transversalstriped weaves, the weakest 
points are at the edge of the stripe and 
they are distributed evenly throughout 
the total length of the fabric. Their break-
ing curves, as shown in Figure 4, are dif-
ferent as well. We can see that in case of 
plain weave, where the floats are distrib-
uted evenly, the intensity of the curve is 
smaller than in the case of warp ribs, i.e. 
the transversal striped weave. 

Figure 5 shows the fabric elongation at 
break’s dependence on the fabric weave 
factor P1. We can see that as the fabric 
weave factor P1 decreases or the fabric 
rigidity increases, the fabric elonga-
tion at break increases. In the case of a 
more rigid weave, the threads are more 
closely connected but also more crimped; 
therefore, in the event of elongation they 
become straightened, and in the case of a 
more rigid weave, the elongation at break 
is greater than in a less rigid weave. It can 
be seen that the coefficient of determina-

Figure 1. The weaves used for the experiment: 
1 – plain weave; 2 – weft rib; 3 – warp rib; 
4 – twill 2/2; 5 – weft direction Bedford cord; 
6 – fancy twill; 7 – sateen; 8 – basket weave; 
9 – broken twill; 10 – crape weave; 11 – warp 
direction Bedford cord; 12 – mock leno.

Figure 2. The dependence of the break-
ing force F on the weave factor P1: 
◊ - weaves, whose floats are evenly distribut-
ed within the whole area of the woven fabric; 
♦ - transversal weaves; the dotted line 
shows the average of values of the breaking 
force and weave factor P1. 

Figure 3. The viewes of break: a) weaves, 
whose floats are evenly distributed within 
the whole area of the woven fabric;b) trans-
versal weaves.

Figure 4. The stress-strain curves: a) 
weaves, whose floats are evenly distrib-
uted within the whole area of the woven 
fabric;b) transversal weaves.

a)

b)

a)

b)
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tion is large. However, in this case we 
ignored the points of the warp and weft 
ribs’ weaves, because these weaves are 
non-standard and their results signifi-
cantly distort the resulting dependencies. 
Brierley [17] and Galuszynski [13] con-
sidered rib weaves as specific instances, 
to which the formulas and regularities 
valid for other weaves do not apply. The 
same elongation at break dependence on 
the weave factor, evaluating all the tested 
weaves, is shown in Figure 6. We can see 
that after evaluating the warp and weft 
ribs’ weaves, the coefficient of determi-
nation is much smaller. Therefore, this 
experiment also confirmed the exclusiv-
ity of rib weaves. 

Another structural parameter of woven 
fabric which was changed during the ex-
periment is weft setting. Figure 7 shows 
the dependence of plain weave fabric 
breaking force on the weft setting. We can 
see that as the weft setting increases, the 
fabric’s breaking force decreases. This 
can be explained by the fact that with a 
larger weft setting, the threads squirm 
more, and during the stretching they are 
apt to straighten. The resulting coefficient 
of determination is average. However, in 
the case of other weaves, the coefficient 
of determination ranges from 0.6 to 0.9. 

The elongation at break’s dependence on 
weft setting in the case of plain weave 
fabric is shown in Figure 8. We can see 
that as the setting of weft increases, the 
breaking force of the fabric increases. In 
the case of high weft setting, the threads 
are more twisted and, as the fabric is 
stretched, the possibility increases that 
they will become straightened. There-
fore, the elongation at break in a denser 
fabric is greater than that of a less dense 
fabric. The coefficient of determination is 
large, as it is in the case of other weaves. 
However, as mentioned earlier, the 
fabric’s qualities depend not only on 
weave and weft setting, but also on 
other parameters of fabric structure, 
which can be evaluated by integrated 
fabric structure factors. In this article, 
we have investigated the dependence of 
the woven fabric’s breaking force and 
elongation at break on the integrated 
fabric structure factor ϕ. The  depend-
ence of breaking force F on the factor ϕ 
is shown in Figure 9. We can see that all 
the weave points, as in the case of weave 
factor P1, are distributed accidentally. In 
this case, sorting the weaves on the basis 
of the type of float distribution would be 
inexpedient, as we have to evaluate other 

fabric structure parameters which could 
influence the breaking force. However, 
the points shown in Figure 9 are distrib-
uted almost evenly on both sides of the 
mean line, i.e. accidentally. Therefore, 
there is no correlation between the test 
results.

The dependence of fabric elongation at 
break on the integrated structure factor ϕ 
is shown in Figure 10. We can see that as 
ϕ increases, and at the same time the ri-
gidity of the fabric increases, the fabric’s 
elongation at break increases as well. The 
coefficient of determination is large. For 
this reason, we can affirm that the inte-
grated fabric structure factor ϕ evaluates 
the fabric structure’s elongation at break 
sufficiently well. 

n Conclusions
After weaving 12 fabrics in different 
weaves and different weft settings, and 
investigating their breaking force and 
elongation at break, we can make the fol-
lowing conclusions: 
1. From the resulting dependencies of 

fabric breaking force and elongation 
at break on fabric weave factor P1, 
it was established that there is no 

Figure 5. The dependence of ε elongation 
at break on the weave factor Kl1 having 
deducted the warp and weft rib weaves.

Figure 6. The dependence of ε elongation 
at break on the weave factor P1 with the 
warp and weft rib weaves.

Figure 7. The dependence of breaking force 
F of plain weave fabric on the weft setting 
of woven fabric Sa.

Figure 8. The dependence of elongation at 
break ε of plain weave fabric on the weft 
setting of woven Sa.

Figure 9. The dependence of breaking force 
F on the integrated factor φ of woven fabric 
structure.

Figure 10. The dependence of elongation 
at break ε on the integrated fabric structure 
factor φ.
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correlation between the fabric weave 
factor and breaking force, and as the  
coefficient of weave increases, i.e. the 
rigidity of weave decreases, so the 
elongation at break decreases.

2. Based on the fabric’s breaking force 
and elongation at break dependencies, 
it was established that as the weft set-
ting increases, the fabric’s breaking 
force slightly decreases, and the elon-
gation at break increases. 

3. Based on the fabric breaking force 
and elongation at break dependencies 
from the integrated fabric structure 
factor ϕ, it was established that there 
is no correlation between ϕ and the 
breaking force, and as the fabric struc-
ture becomes denser, the elongation at 
break increases. 

4. The elongation at break of a woven 
fabric can be stated from the estab-
lished dependencies before the weav-
ing process.
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