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Abstract
The paper presents the results of an extensive investigation regarding the tensile behaviour 
of knitted fabrics with basic evolutions, made of two types of yarns: classic acrylic yarn 
(used for garments) and PES HT yarn (used for technical applications). Samples were pro-
duced according to an experimental matrix containing technological variables considered 
significant. The fabrics were tested for tensile strain in both the weft and warp directions, 
and the values were compared and discussed. Conclusions regarding the tensile behaviour 
of weft knitted fabrics are drawn based on the experimental data.
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mental matrix took into consideration 
the most important factors affecting the 
fabrics: yarn, fabric structure and techno-
logical parameters ( reflected in the struc-
tural parameters). 

The study included three types of struc-
tures: jersey, rib 1×1 and purl 1×1, rep-
resenting the basic evolutions. The selec-
tion of these structures was justified by 
their distinct stitch geometry. 

For the raw material, two types of yarns 
were selected, considered to have differ-
ent characteristics and applications:
1. A plied 100% acrylic yarn, count Nm 

28/2, used for garments. 

2. A polifilament PES high tenacity yarn, 
count 1110/100 dtex, used for techni-
cal applications.

The two yarns have different mechani-
cal behaviour (tensile strength, elonga-
tion, and bending rigidity). The knitted 
samples were produced with similar yarn 
counts (Nm 28/2/3 ↔ 2×110 tex). 

The second set of variables was consid-
ered at the knitting process level. The 
following technological parameters were 
selected: the position of the stitch qual-
ity cam and the yarn tension. These two 
technological parameters are indicated in 
the literature as among the most impor-

tant factors of influence for the knitted 
fabrics.

The position of the quality cam was de-
termined within intervals specific to the 
fabric evolution and yarn knittability. 
The yarn rigidity of the PES HT yarns 
proved to have a strong influence, limit-
ing the technological intervals, due to the 
non-uniform aspect of the stitches pro-
duced with a higher value of the quality 
cam position. 
The adjustment intervals for the yarn 
tension were determined according to 
machine possibilities and yarn charac-
teristics. The tension was adjusted us-
ing yarn control units set at two distinct 
levels – a low level and one close to the 
maximum value. An interval of 2 cN was 
considered for each tension level in or-
der to compensate for the tension varia-
tion existing in the bobbins. The tension 
values indicated were determined before 
the cam carrier track, due to the fact that 
the alternative displacement of the car-
rier made it impossible to choose a closer 
measuring point. 

Table 1 illustrates the resulting experi-
mental matrix, with the values selected 
for each variable. For each type of struc-
ture made of acrylic yarns there are four 
fabric variants, while for PES HT yarns 

n Introduction
The functional design of textile fabrics 
and products considers the direct link 
between the functions of the product, the 
fabric/product properties and specific be-
haviour. 

Knitted fabrics are known as hyperelas-
tic materials, with high deformations at 
small forces. Their mechanical behav-
iour is important, especially in techni-
cal applications where the strain level is 
higher and there is a need to control the 
fabric strength. It is, therefore, essential 
to know how these fabrics behave when 
subjected to mechanical strain. Experi-
mental data also represent the base for 
any model concerning the mechanical 
behaviour of knitted fabrics. 

The factors affecting the way knitted 
fabrics respond to strain are different in 
nature and influence. From the micro 
to macro level, they refer to the charac-
teristics of the raw material – fibre and 
yarn, the fabric structure and structural 
parameters. Their diversity and complex 
interactions make it difficult to model 
the fabric response to strain. Therefore, 
an initial requirement is an experimental 
study of the mechanical behaviour that 
highlights the most significant influence 
factors and their degree of significance. 

All models concerning the mechanical 
behaviour of both weft and warp knitted 
fabrics with different structures are based 
on experimental data for definition of the 
fabric geometry, as well as for the accura-
cy of the model response under a certain 
type of strain [1 - 10]. 

n Experimental work
Experimental matrix
In order to determine the mechanic be-
haviour of the knitted fabrics, the experi-

Table 1. Experimental matrix.

Structure

Initial variables

Raw material
x1

Quality cam position NP
x2

Yarn tension Ta, cN 
x3

Minim Medium Maxim Minim Maxim

Jersey  
(G)

PNA 11.5 - 12.5 11 - 13 22 - 24
PES HT 11.5 12.0 12.5 12 - 14 32 - 34

1×1 Rib 
(P)

PNA   9.5 - 10.5 11 - 13 22 - 24
PES HT   9.5 10.0 10.5 12 - 14 32 - 34

1×1 Purl 
(L)

PNA 11.5 - 12.5 11 - 13 22 - 24
PES HT 11.5 12.0 12.5 12 - 14 32 - 34
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there are six initial variants. The medium 
value for the quality stitch cam appeared 
for reasons related to fabric aspect and 
quality. Due to the quality of the samples, 
the maximum value of the stitch quality 
cam position for the PES fabrics was re-
placed with the medium one.

Raw materials
The following physical and mechanical 
characteristics of the yarns were deter-
mined: yarn count, torsion and tensile 
strength (Mesdan tensile machine). The 
tensile strength was determined accord-
ing to ASTM 2256 [11]. All experimental 
values are presented in Tables 2 and 3. 
The yarn-yarn friction coefficient was 
determined according to ASTM 3412 
[12], on a ROTHSCHILD F- METERS 
tester: μPNA = 0.7 and μPES = 0.33. 

Fabric production
The fabrics were programmed on a M1 
programming station, and samples were 
produced on a CMS 330 TC machine 
(Stoll), gauge 5E. The technological pa-
rameters used for knitting are presented 
in the experimental matrix from Table 1. 
The take-down was constant, with a me-
dium value (WM = 7.0), thereby avoid-

ing fabric overstraining. The knitting 
speed was adjusted to the fabric structure 
and raw material in order to ensure fab-
ric quality - MSEC = 0.7 m/min for most 
of the samples and MSEC = 0.5 m/min 
for those produced on a small number 
of needles (longitudinal testing). After 
knitting, the fabrics were relaxed in a dry 
environment until there were no dimen-
sional changes. 

Tensile testing
The tensile behaviour of the fabrics was 
determined using a Tinius Olsen testing 
machine, model HK5, according to ISO 
1421 [13]. A 5 kN load cell was used for 

the tests. The following settings were 
used:
n Test speed – 100 mm/min
n Distance between jaws – 100 mm
n No pretension

The fabrics were tested in both directions 
(courses and wales) five times for each 
variant. The force and elongation were 
determined for the proportional limit, 
yield limit and breaking. 

The specific strength is used in order to 
be able to compare the fabric variants 
with different stitch densities, regardless 
of their structure. The specific strength is 
determined by dividing the force by the 
number of rows or wales in the sample 

Table 2. Physical characteristics of the yarns.

Yarn
Yarn count Torsion Diameter, 

mmNominal Real Cv, % T, t/m Cv, % αm αtex
PNA 100% Nm 28/2     28.45 2.56 246.6 zs 5.77 45.5 1437.2 0.400

PES HT 1110 dtex 1084.33 1.16 - - - - 0.308

Table 3. Tensile characteristics of the yarns.

Yarn
Yarn strength Loop strength

F, N ε, % Tenacity, 
cN/tex F, N ε, % Tenacity, 

cN/tex
PNA 100% 7.42 22.2 10.39 12.98 19.72 18.17

PES HT 72.64 11.08 66.98 101.85 8.76 112.03

Figure 1. Variation in the transversal (a) and longitudinal (b) tensile specific strength for acrylic and PES jersey fabrics.

a) b)

Figure 2. Variation in the transversal (a) and longitudinal (b) tensile elongation for acrylic and PES jersey fabrics.

a) b)
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considered perpendicular to the testing 
direction:

Sw = F/ Nw, cN/wale         (1)

where: Sw - specific strength per wale; 
F - measured tensile force; Nw - number 
of wales in the sample.

Sr = F/ Nr, cN/row        (2)

where: Sr - specific strength per row; 
F - measured tensile force; Nr - number 
of rows in the sample.

n Results and discussions
The following observations regarding the 
tensile behaviour of the samples could be 
drawn from the experimental data.

Acrylic fabrics
For a significant amount of variants there 
is an important difference between yield 
and breaking, caused by the fact that 
there is a point where a decrease in force 
appears due to the breaking of a yarn or 
yarn slippage in the edge stitches. After 
that point, the force continues to increase 
until fabric breaking. The yield limit co-
incides with the breaking point only for 
longitudinal testing of jersey and rib fab-
rics. For the transversal testing, the dif-
ferences between yield and breaking are 
bigger - 25% to 53% for jersey fabrics, 

18% to 54% for rib fabrics and only 6 to 
10% for purl fabrics. 

The proportional limit is very low for 
all fabrics, around 10% of the breaking 
force, indicating that the samples have an 
elastic behaviour only under small forc-
es. Such a small interval for elastic be-
haviour would normally lead to breaking 
in a short interval of time, but the high 
amount of yarns in the sample cross sec-
tion, as well as the yarn migration at low 
forces extend the test duration.
 
Figures 1 & 2 exemplify the variation in 
specific strength and elongation for the 
jersey fabrics. The variants code is made 
of the following: a letter indicating the 
fabric structure (G – jersey, in this case), 
the value of the stitch quality cam posi-
tion, the yarn tension level (T3 being the 
lower value and T6 the higher one, see 
Table 1), and the test direction (Transver-
sal or Longitudinal).

The graphics illustrate the variation in 
specific strength in three stages - for the 
proportional limit (elastic), yield and 
breaking (maximum force). The very 
low values of specific strength for the 
proportional limit are obvious, as well 
as the fact that their variation interval is 
reduced. In contrast, the elongation for 

the proportional limit is about half the 
total value, for both transversal and lon-
gitudinal testing. At the yield point the 
transversal elongation is about 75% of 
the total value. 

When comparing the transversal spe-
cific strength for the three structures, the 
values and hierarchy are different at the 
yield and maximum stages (Figure 3). 
At the yield point, the purl fabrics have 
the best specific strength, while for the 
maximum point (breaking) the values 
are similar for most of the variants. For 
the longitudinal tensile testing, the jersey 
fabrics present the best specific strength, 
followed closely by the rib fabrics and 
then the purl structure. These graphics 
show that the structure has a stronger 
influence on the transversal tensile be-
haviour and a diminished effect on the 
longitudinal tensile behaviour. 

The influence of the second variable 
from the experimental matrix (posi-
tion of the quality stitch cam) is signifi-
cant especially for the transversal di-
rection. The stitch density increases the 
transversal fabric strength for all types of 
structure. In the case of the longitudinal 
direction, this influence is not so strong 
due to the fact that the influence of the 
quality cam is more important when 

a) b)

Figure 3. Comparison the transversal (a, b) and longitudinal (c, d) tensile elongation of the specific strength for the knitted structures at 
the yield (a, c) and breaking points (b, d) for acrylic and PES jersey fabrics.

c) d)
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considering the stitch height and vertical 
stitch density. 

With regard to the third variable from 
the experimental matrix (yarn ten-
sion), there is a certain influence on 
the transversal direction. For the longi-
tudinal direction, the differences are too 
small to be taken into consideration, indi-
cating that even if the third variable was 
not significant at the structural parameter 
level, the variation in yarn tension modi-
fied the internal stress within the acrylic 
yarns sufficiently to affect the transversal 
fabric strength. 

The variation in technological param-
eters shows less influence, the most im-
portant factor being the fabric structure 
and raw material. 

The structure also has a clear influence 
on elongation due to the specific geom-
etry of each evolution (Figure 4). Trans-
versal elongation is smaller for the struc-
tures with rows produced on a single bed 
(jersey and purl). The specific geometry 
of the basic evolutions also influences the 
longitudinal elongation. In this case purl 
fabrics present the highest values, while 
jersey and rib fabrics are characterised 
by around 50% less elongation. The other 
two variables influence the elongation to 
a lesser degree – the stitch density shows 
an influence on the transversal elongation 
of rib fabrics, while the yarn feeding ten-
sion brings about a decrease in transver-
sal elongation; with respect to longitudi-
nal elongation the variation intervals are 
less significant. 

PES HT fabrics
There were significant problems with 
regard to PES sample behaviour during 
the tensile test, especially for the wale 
direction. There was a rapid laddering of 
the samples at lower forces, causing the 

destruction of the samples, as illustrated 
in Figure 5. The sample destruction af-
fected the final results, but it also indi-
cated certain behaviour. 

The problem was solved by knitting 
PES samples at the test dimensions, thus 
avoiding sample cutting (as instructed 
in the standard procedure). Even so, the 
laddering tendency remained in a smaller 
proportion, especially for the rib fabrics, 
and it affected the tensile strength results. 
This behaviour is explained by the low 
friction coefficient value, specific to such 
technical yarns, as mentioned in litera-
ture [14, 15]. Its low value means that the 
friction forces in the contact areas are in-
significant and the stitches unravel easily 
along the testing direction. 

The breaking forces are higher than in 
the case of fabrics made of classic acrylic 
yarns, emphasising the influence of the 
mechanical characteristics of the raw 
material. The tensile strength varies in a 
larger interval. 

Figures 1 & 2 also illustrate the varia-
tion in specific strength and elongation at 
the yield and breaking points for the PES 
jersey fabrics. The differences between 
the transversal specific strength values 
are clearer for the yield point and less 
significant for the breaking point. Differ-
ences between the yield and breaking are 

significantly smaller for the fabric vari-
ants made with a higher yarn tension. The 
fabrics produced with a lower yarn ten-
sion exhibit a lower strength. 

The elongation presents a similar varia-
tion in comparison with acrylic fabrics – 
around 50% of the transversal maximum 
elongation represents the elongation 
corresponding to the proportional limit, 
while for the longitudinal elongation the 
proportion is less. In this case the elonga-
tions for the yield and breaking point are 
very close (within a 10% range).

When comparing the specific strength 
at the yield and breaking points for all 
structures (Figure 3), the graphics show 
that jersey fabrics have the highest trans-
versal specific strength, while rib fabric 
presents the lowest values, as explained 
before, due to their tendency to unravel 
easily. The differences between the trans-
versal strength at the yield and breaking 
points are significant for all types of fab-
rics. The influence of the third variable 
(yarn tension) is more evident at the yield 
point and less important at the break-
ing point, where the variation interval 
is much smaller. The first two graphics 
from Figure 3 also show a diminished 
degree of influence for the second vari-
able (position of the quality stitch cam), 
especially for the purl and rib fabrics. 

Figure 4. Influence the transversal (a) and longitudinal (b) of fabric structure on the elongation of acrylic and PES fabrics.

a) b)

Figure 5. Aspect of a destroyed rib PES sample tested.
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Values for the longitudinal specific 
strength are within a smaller variation 
interval, and the hierarchy based on fab-
ric structure is not maintained, showing 
less influence. The last two graphics also 
show that the longitudinal strength is less 
influenced by the yarn feeding tension 
and more by the stitch density (quality 
cam position). There are differences be-
tween the yield and breaking points only 
for jersey fabrics, while for rib and purl 
fabrics these points coincide for most of 
the variants, especially those made with a 
higher yarn tension.

Structure remains the main influence fac-
tor for elongation (in both directions); 
the hierarchy is maintained, but the val-
ues are closer than those for acrylic fab-
rics (Figure 4). An interesting aspect is 
that compared to acrylic fabrics, the PES 
samples have lower elongation: the dif-
ferences are significant for transversal 
elongation and less important, but not 
negligible, for longitudinal elongation. 
One explanation is the lower extensibil-
ity of PES yarns, suggesting the influence 
of the raw material.

What must be underlined is the signifi-
cant influence of the yarn feeding ten-
sion on the tensile behaviour of the 
knitted fabrics made of PES HT yarns. 
The fabric variants produced with a 
higher yarn tension consistently present 
better tensile strength, regardless of the 
testing direction, the explanation for 
which lies with what happens to the PES 
yarns during knitting. There is a redistri-
bution of the filaments in the yarn cross 

section until it flattens, as shown in Fig-
ure 6. This modification of the filament 
distribution, as well as the increase in the 
contact surface between filaments lead to 
the improved strength of yarns and, sub-
sequently, of the fabrics. 

In order to verify this hypothesis, yarns 
taken from fabric samples were tested. 
Yarns were taken from two jersey sam-
ples produced with the same position of 
the quality stitch cam, but with the two 
yarn tension levels. The values were 
compared to normal ones for the witness 
yarn, as presented in Table 4. 

The experimental values from Table 4 
allow to state the following conclusions: 
n There is an increase in yarn strength 

of 4.7% in the case of the fabric with 
a lower yarn tension level and of 9.5% 
for that with a higher tension level. 
This situation is justified by the fact 
that the PES yarns present a much 
higher initial modulus than the rest 
of the fibres, proving beneficial for 
higher yarn tension during the knit-
ting process, with no increase in elon-
gation. 

n The elasticity modulus recommends 
PES HT yarns for applications where 
the strain level is lower. Due to the 
high initial modulus, the fibres recov-
er from tensile, compression, bending 
and shear strain. 

n The knitted yarns present a slightly 
higher elongation at breaking, but the 
differences are not significant enough 
to draw some conclusions. 

n Conclusions
The mechanical behaviour of the knitted 
fabrics is an important aspect, especially 
when considering technical applications. 
The present study took into consideration 
the tensile behaviour of knitted fabrics 
with basic evolutions, made of two types 
of yarns: acrylic yarns and PES HT yarns. 
The tensile behaviour was studied based 
on an experimental matrix that included 
the fabric structure, raw materials and 
two technological parameters (the quality 
stitch cam position and yarn tension). 

Based on the experimental results, the 
following conclusions can be drawn:
1. The raw material, fabric structure and 

technological parameters represent 
factors with a significant influence on 
the tensile strength. The fabric struc-
ture presents a stronger influence in 
the case of transversal strength. 

2. The fabric behaviour depends on the 
testing direction. The experimental 
values vary more widely in the case 
of transversal testing, and less so for 
longitudinal testing, which can be ex-
plained by the fact that the jamming 
phenomenon followed by the transfer 
of strain to the yarn level appears in a 
shorter time for the longitudinal strain 
due to the smaller yarn amount used in 
yarn migration within the stitch. 

3. The friction coefficient influences 
the deformation mechanism because 
yarns with lower coefficients present 
an increased laddering tendency, 
which is stronger for longitudinal 
testing and for rib fabrics. Therefore, 
further studies are recommended in 
the case of yarns with a low friction 
coefficient, such as the PES HT used 
in the present work or glass fibre. 

4. In the case of classic yarns, yarn ten-
sion presents a limited influence on 
the tensile behaviour. For the longi-
tudinal tensile strength, this influence 
can be considered insignificant. In 
the case of technical yarns, yarn ten-
sion is an important factor. The study 
shows that higher yarn tension during 
the knitting process improves the me-
chanical behaviour. 
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Figure 6. Aspect of PES HT yarns after deknitting.

Table 4. Tensile behaviour of deknitted PES yarns.

Yarn Breaking force
Pmax, N

Elongation
εmax, %

Tenacity
Tmax, cN/tex

Witness yarn 72.64 11.08 66.98

Deknitted
G_11.5_T3 76.25 11.61 70.30

G_11.5_T6 80.30 12.02 74.04
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