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Abstract
In this article the seam slippage characteristics of unbalanced weave fabrics are analysed. 
The slippage resistance of yarns at a seam in woven fabrics is a very important factor, 
and strong claims have been made about this property. Preliminary investigations showed 
that balanced and unbalanced woven fabrics must be estimated differently. Well-known 
factors such as the fabric structure factor P and average float F were investigated, and 
then a new fabric structure factor, NPR, was proposed, which best characterises the weave 
from a thread slippage point of view. According to the coefficient of determination, it was 
found that the power equation of the new weave factor for balanced fabrics shows good 
correlation between experimental and theoretical values. It was proved that seam slippage 
influences not only the weave factor in the slip direction but also in the normal direction. 
The weave factor in the slip direction influences seam slippage by 81%, the weave factor in 
opposite direction – 19%. However, this new model is unsuitable for describing warp and 
weft ribs from a thread slippage point of view because they comprise a separate group of 
weaves, with particular theories applying to them.
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n	 Introduction
The structure of woven fabric is complex 
because in its evaluation we need to take 
into consideration many woven fabric 
structure parameters, such as warp and 
weft materials, the warp and weft linear 
density, warp and weft settings and the 
fabric weave [1 - 3]. All these woven fab-
ric structure parameters can be evaluated 
together as well as separately, but woven 
fabric weave evaluation is the most com-
plex because it is important to consider 
the nature of the float, its arrangement, 
the interlacing of adjacent threads etc. 
All seven parameters of the fabric struc-
ture can be evaluated by integrated fabric 
structure factors. Various scientists have 
proposed different evaluations of all 
these fabric parameters. According to the 
methods of evaluation of these param-
eters, two groups of integrated factors 
are distinguished: the first is based on the 
Peirce theory and the second on the Bri-

erley theory. In the first case it is a ratio 
of the surface covered by threads to the 
total fabric area. In the second case it is 
a ratio of the setting of the “square” ana-
logue of a given fabric to the setting of 
standard “wire” plain weave fabric [4, 5]. 
This group also includes the average float 
length F, which was proposed by Ashen-
hurst, and the weave factor P, proposed 
by V. Milašius.

The average float length F was a very 
simple and widely used factor [6]. Later 
it was observed that this factor did not 
describe all the properties of a weave 
which are important from a technologi-
cal and end-use point of view. This factor 
could not evaluate the difference between 
types of weaves (it is well known that the 
weaves twill 7/1, satin 8/3 and panama 
4/4 have a different tightness, but are still 
counted with the same value, F = 4) and 
unbalanced weaves, whose average warp 
float is different from the average weft 
float (warp rib 4/4 and weft rib 4/4 be-
have very differently during weaving but 
are still evaluated using the same value, 
F = 2.5).

The weave factor P proposed by V. 
Milašius [7] is calculated directly from 
the weave matrix. Factor P evaluates not 
only a single thread float, but also an in-
terlacing of adjacent threads and can be 
calculated for all types of weaves. The 
weave factor P is a measure of the fabric 
structure, describing some of its proper-
ties, such as elasticity, air permeability, 
among others [8]. Although factor P is 
very good for balanced weaves, it cannot 
evaluate the difference between unbal-
anced weaves – warp rib 4/4 and weft 

rib 4/4, giving the same value, P = 1.205. 
Later V. Milašius proposed factor P1, cal-
culated in the warp direction [1, 9], cov-
ering most of the weaves used. 

In a previous work it was proved that the 
properties of fabrics with the same set-
ting parameters, woven with not identi-
cal technological parameters, are differ-
ent [10]. Therefore, all fabrics need to be 
woven with the same loom. In this way, 
only the weight of the fabric weave can 
be analysed.

The slippage resistance of yarns at a seam 
in woven fabrics is a very important fac-
tor, and strong claims are made for this 
property. It is necessary to know how the 
fabric structure influences seam slippage 
quality before manufacturing the fabric. 
However, the slippage of seams depends 
on some different factors, for example 
the structure of ready-made cloths and 
the fitting of the cloth to the human body. 
Moreover, knowledge of the dependence 
on the woven fabric structure is very im-
portant for practical purposes because it 
allows to design fabric with new patterns 
suitable for clothing that will not slip in 
the seams. Seam slippage is a measure 
of the ability of warp yarns to slip over 
weft ones near the seam, which extends 
in the warp direction, when the fabric is 
subjected to a given load in the weft di-
rection (and vice versa). This load is ap-
plied so as to separate the two pieces of 
the fabric joined by a seam, and thus an 
opening, which is the result of yarn slip-
page, appears near the seam. It is an im-
portant parameter for fabric characterisa-
tion, especially for garment production. 
The dependence of seam slippage values 
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on the fabric weave makes this property 
an interesting case for study. 

Many studies have been performed on 
the slippage of the yarns of woven fabric, 
but this question is still open [11 - 15]. 
The influence of weave on the slippage of 
yarns of woven fabric has still not been 
completely investigated. 

In a previous work [16] we stated that 
the relationship between well-known 
structural models and weave factors are 
problematic and ambigous, and therefore 
we made an attempt to find a new weave 
factor which best characterizes the fab-
ric structure from a thread slippage point 
of view. Preliminary investigations with 
balanced woven fabrics showed that the 
new weave factor, NPR, better describes 
the influence of weave on slippage than 
other known weave factors (V. Milašius 
factor P or Ashenhurst factor F).

The aim of this work was to determine a 
new weave factor, NPR, for slippage pre-

slippage of woven fabrics”) at a 78 N 
force distance between yarns after the 
slippage has been measured.

Pieces of the test fabric were sewn to-
gether using a stitch type 301 (see Fig-
ure 2). 100% polyester core spun of lin-
ear density 45 tex was used for the seam, 
with a stitch density of 50 dm-1 and nee-
dle size of 0.90 mm. The test specimens 
were stretched until a force of 200 N. 
Five specimens of each fabric were pre-
pared for the tests.

In this research only tests of seam slip-
page in the weft direction were carried 
out (warp yarns slipping over weft yarns). 
All results were statistically processed.

The new weave factor, NPR, [16] was 
calculated as a proportion of all the 
threads resisting slippage to the warp and 
weft repeats (Equation 1):

21 RR

i
NPR

∑
=                  (1)

where: ∑ −i is the sum of all threads 
resisting slippage, R1 - warp repeat, R2 - 
weft repeat.

This factor is calculated directly from the 
weave matrix.

	 Experimental results 
and discussion

All parameters of the fabric structure 
(warp and weft raw material, warp and 
weft linear densities, warp and weft set
tings and fabric weave) influence fabric 

diction which can be used for unbalanced 
weave fabrics.

n	 Materials and methods
Unbalanced weave fabrics were woven 
for the investigations, which differed 
only in the weave. They were allwoven 
on rapier looms from the same back rest. 
Therefore all the fabrics were woven 
with the same setting and technological 
parameters. They all had the same lin-
ear density of the warps and wefts – 
12.5 tex×2, warp setting - 300 dm-1, and 
weft – 260 dm-1. The weaves were cho-
sen so that they could be woven at the 
same loom settings (see Figure 1).

The slippage resistance of yarns at a seam 
of the woven fabrics was measured with a 
tensile testing machine - Zwick/Z005, ac-
cording to the international standard “De-
termination of the slippage resistance of 
yarns at a seam in woven fabrics – Part 1: 
Fixed seam opening method” (LST EN 
ISO 13936-1: 2004), and according to the 
Woolmark test method (TM 117 “Seam 

Figure 1. Weaves used in the experiments: 1 – broken twill 1/2 B, 2 – broken twill 1/2 A, 3 – warp rib 2/1, 4 – negative broken in warp twill 
2/1, 5 - negative broken in warp twill 2/2, 6 - warp rib 2/2, 7 - warp rib 3/3, 8 - warp rib 3/1, 9 - negative broken in weft twill 2/1, 10 – 
weft rib 2/1, 11 - negative broken in weft twill 2/2, 12 – weft rib 2//2, 13 – weft rib 3/1, 14 – weft diagonal 3,2,1,3,2,1, 15 – warp diagonal 
3,2,1,3,2,1, 16 - warp diagonal 4,1,4,3,  17 – warp crepe, 18 – soleil weave, 19 – corkscrew 3/3 (in weft), 20 -  corkscrew 3/3 (in warp), 
21 – weft crepe, 22 – weft diagonal 4,1,4,3.

Figure 2. Stitch type: 1- needle thread, 2 – bobbin thread.
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seam slippage. However, in this work the 
weight of the fabric weave on seam slip-
page was studied. All other parameters of 
the woven fabrics were the same.

Experimental investigations were made 
on the basis of Brierley’s theory, which 
had to be the starting point and the over-
all standard. For weave estimation this 
starting point is a plane weave. Hence, in 
this work values of the properties of dif-
ferent weaves were compared with that 
of plain weave. Therefore, it was used to 
very popular present the “coefficient of 
weave influence” (Cw), which can be cal-
culated as the slippage resistance of the 
fabric/slippage resistance of plain weave 
fabric (only the warp rib 2/1 weave re-
sists slippage more than the very popular 
plain weave). The coefficient of weave 
influences other parameters, which are 
presented in Table 1.

Preliminary investigations showed 
[16] that the coefficients of determina-
tion of well known models are small  
(R2 = 0.7779 with factor P and R2 = 0.71 
with factor F), and because which it 
was attempted to find a new weave fac-
tor which best characterises the fabric 
structure from a thread slippage point of 
view. Each warp end was analysed, and 
how many wefts resisted the particular 
thread movement were noted. Two adja-
cent warp ends were taken into consid-
eration, and those wefts were eliminated 
which did not resist movement from one 
place to another. Those threads which 
changed location, that is to say resisted 
slippage, were counted. Furthermore the 
same adjacent wefts were counted as a 
square root of the adjacent equal number 
of wefts. Preliminary investigations with 
balanced weave fabrics showed that the 
new weave factor NPR better describes 
the influence of weave on slippage than 

other known weave factors (V. Milašius 
factor P or Ashenhurst factor F). The 
value of the coefficient of determination 
is relatively high - 0.8973. That factor is 
calculated directly from the weave ma-
trix. Values of factor NPR for all the fab-
rics investigated are presented in Table 1.

According to the coefficient of determi-
nation, it was found that the power equa-
tion of the new weave factor (NPR2-0.88) 
for balanced fabrics shows a good corre-
lation between experimental and theoret-
ical values (see Figure 3). An empirical 
equation for weave estimation was also 
proposed by Brierley [4]; we also found 
that this kind of equation better estimates 
weave influence.

In the second stage of the research, the 
same model was used for unbalanced 
weave fabrics, and it was noticed that 
even worse results were obtained – a 
big dispersion occurred. The value of 
the coefficient of determination (R2) was 
0.6383 (see Figure 4). 

Preliminary investigations showed that 
balanced and unbalanced weave fabrics 
must be estimated differently. Balanced 
weaves have the same weave factor val-
ues in both directions – warp and weft, 
while unbalanced weaves have different 
values. It was established that the seam 
slippage resistance depends not only on 
the weave factor in the slip direction 
but also on that in the opposite direc-
tion. Hence the influence of the weave 

Table 1. Some parameters of fabrics used in experiment and values of factor NPR.

Weave
Slippage 

resistance of 
fabric, mm

Coefficient 
of weave 
influence

 (NPR)1  (NPR)2 

Plane 1.72 1.00 1.000 1.000
broken twill 1/2 B 2.38 1.38 0.667 0.569
broken twill 1/2 A 2.26 1.31 0.569 0.667
warp rib 2/1 1.62 0.94 0.667 0.805
negative broken in warp twill 2/1 2.58 1.50 0.667 0.713
negative broken in warp twill 2/2 2.70 1.57 0.500 0.604
warp rib 2/2 2.64 1.53 0.500 0.707
warp rib 3/3 4.04 2.35 0.333 0.577
warp rib 3/1 2.58 1.52 0.500 0.683
negative broken in weft twill 2/1 2.32 1.35 0.713 0.667
weft rib 2/1 2.32 1.35 0.805 0.667
negative broken in weft twill 2/2 2.70 1.57 0.604 0.500
weft rib 2//2 4.84 2.81 0.707 0.500
weft rib 3/1 5.26 3.06 0.683 0.500
weft diagonal 3,2,1,3,2,1 3.60 2.09 0.569 0.402
warp diagonal 3,2,1,3,2,1 2.84 1.65 0.402 0.569
warp diagonal 4,1,4,3 4.48 2.60 0.333 0.402
warp crepe 2.84 1.65 0.500 0.632
soleil weave 5.10 2.97 0.236 0.289
corkscrew 3/3 (in weft) 5.42 3.15 0.524 0.236
corkscrew 3/3 (in warp) 3.64 2.12 0.236 0.524
weft crepe 3.06 1.78 0.632 0.500
weft diagonal 4,1,4,3 4.86 2.83 0.402 0.333

Figure 3.  Dependence of coefficient of weave influence on weave 
factor NPR for balanced weaves.

Figure 4.  Dependence of coefficient of weave influence on weave 
factor NPR  for unbalanced weaves.
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factor on the slip and opposite direc-
tions was estimated (0.81(NPR)2-0.88 + 
0.19(NPR)1-0.88) (see Figure 5).

The value of the coefficient of determi-
nation (R2) obtained was slightly higher, 
but not sufficient. The picture showed 
that some points are very far removed 
from the curve. They were analysed and 
it was found that these points belong to 
rib weave fabrics: warp rib 3/3, weft rib 
2//2 and weft rib 3/1. According to the 
theory of Brierley, weft and warp ribs are 
a separate group of weaves, and particu-
lar theories are applied to them. This new 
model is also unsuitable for describing 
warp and weft ribs from a thread slippage 
point of view. Therefore, these fabrics 
were eliminated from the researches, and 
the value of the coefficient of determi-
nation (R2) was obtained as 0.9391(see 
Figure 6).

Figure 6 shows a good correlation be-
tween theoretical and experimental 
values when ribs are eliminated. It was 
established that the weave factor in the 
slip direction influences seam slippage 
by 81%, and the weave factor in the op-
posite direction – 19%.

n	 Conclusions
n	 A new weave factor, NPR, for slip-

page resistance estimation has been 
proposed. This weave factor better 
describes the influence of the weave 
on slippage than other known weave 
factors (V. Milašius factor P or Ashen-
hurst factor F).

n	 According to the coefficient of deter-
mination, it was found that the power 
equation of the new weave factor 
characterises a balanced fabric struc-
ture well from a thread slippage point 

of view. The value of the coefficient of 
determination is high - 0.8973.

n	 Preliminary investigations showed 
that balanced and unbalanced woven 
fabrics must be estimated differently. 
Seam slippage resisistance depends 
not only on the weave factor in the slip 
direction but also on that in the normal 
direction.

n	 The weave factor in the slip direction 
influences seam slippage by 81%, and 
the weave factor in the normal direc-
tion by 19%.

n	 This new model is unsuitable for de-
scribing warp and weft ribs from a 
thread slippage point of view because, 
according Brierley theory, they consti-
tute a separate group of weaves, and 
particular theories are applied to them.

References
1.	 Milašius V., Milašius A., Milašius R.; 

Comparison of Integrating Structure 
Factors of Woven Fabric Materials Sci-
ence (Medžiagotyra). Vol. 7, No. 1, 2001, 
Kaunas:  Technologija. pp.  48-53.

2.	 Milašius V.; An integrated structure fac-
tor for woven fabrics. Part I: Estimation 
of the weave Journal of the Textile In-
stitute. 2000, Vol. 91, part 1, No. 2, pp. 
268-276.

3.	 Milašius V.; An integrated structure fac-
tor for woven fabrics. Part II: The fabric-
firmness factor Journal of the Textile In-
stitute. Vol. 91, part 1, No. 2, 2000, pp. 
277-284.

4.	 Brierley S.; Theory and Practice of Cloth 
Setting. The Textile Manufacturer, Vol. 
58 (3-4): 1931, pp. 47-49, 130-132, 206-
208, 244-246.

5.	 Newton A.; The Comparison of Woven 
Fabrics by Reference to Their Tight-
ness, The Journal of the Textile Institute, 
Vol. 86, 1995, pp. 232-240.

6.	 Ashenhurst Thos. R.; A Treatise on Tex-
tile Calculations and the Structure of 
Fabrics. Huddersfield 1884, England.

7.	 Milašius, V. An integrated structure fac-
tor for woven fabrics. Part I: Estimation 

of the Weave, Journal of the Textile Insti-
tute.2:2000 pp.268-276.

8.	 Milašius R., Milašius V., Kumpikaitė 
E., Olšauskienė A. Influence of Fabric 
Structure on Some Technological and 
End-use Properties, Fibres and Textiles 
in Eastern Europe,  Vol. 11, No. 2(41), 
2003, pp. 48-51.

9.	 Milašius A., Milašius V.; New Represen-
tation of the Fabric Weave Factor, Fibres 
& Textiles in Eastern Europe, Vol. 16, 
No. 4 (69) 2008, pp. 48-51.

10.	Malčiauskienė E., Rukuižienė Ž., 
Milašius R.; Investigation and Compara-
tive Evaluation of Fabric Inner Structure 
Weaved With Different Looms, Materials 
Science (Medžiagotyra). Vol. 15, No. 4. 
2009, pp.339-342.

11.	 Yildirim, K. Predicting Seam Opening 
Behavior of Woven Seat Fabrics, Textile 
Research Journal, March 2010; Vol. 80, 
No. 5: pp. 472-480.

12.	Shimazak, K., Lloyd, D. Opening Behav-
ior of Lockstitch Seams in Woven Fab-
rics Under Cyclic Loading Conditions, 
Textile Research Journal, Vol. 60, No. 
11, November 1990; pp. 654-662. 

13.	Galuszynski S.; Some Aspects of Mech-
anism of Seam Slippage in Woven Fab-
rics, Journal of the Textile Institute, Vol. 
76(6), 1985, pp. 425-433.

14.	Lopes R. A., Lucas J. M., Carvalho M. 
L., Manich A. M.; Fabric Design Con-
sidering the Optimisation of Seam Slip-
page, International Journal of Clothing 
Science and Technology, Vol. 17, No. ¾, 
2005, pp. 225-231.

15.	Gurarda A.; Investigation of the Seam 
Performance of PET/Nylon-elastane 
Woven Fabrics, Textile Research Jour-
nal, Vol. 78, No. 1, January 2008, pp. 
21-27.

16.	Malčiauskienė E., Milašius A., 
Laureckienė G., Milašius R.; Influ-
ence of Weave into Slippage of Yarns 
in Woven Fabric, Materials Science 
(Medžiagotyra). Vol. 17, No. 1. 2011, pp. 
47-51.

Figure 6. Correlation between experimental and calculated values 
(when ribs were eliminated).

Figure 5. Correlation between experimental and calculated values.
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