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Abstract

This study examines the stretch properties of nine variants of single-tuck weft-knitted fabrics made from 31
tex X2 wool/PAN yarn and compares them with a plain fabric. The research emphasizes how variations in the
arrangement and percentage of tuck loops within the stitch repeat affect the fabrics' stretch characteristics.
Results show that the presence and percentage of tuck loops at the width repeat significantly influence
stretch properties. The plain fabric displayed apparent anisotropy, with widthwise deformation roughly four
times greater than lengthwise deformation. This behaviour was largely dominated by the elastic component,
indicating strong immediate recovery and dimensional stability. In contrast, tuck stitch variants showed more
balanced deformation between directions, reflecting the moderating influence of tuck loops on fabric ani-
sotropy. Increasing the percentage of tuck loops improved lengthwise extensibility while decreasing width-
wise recovery, thereby altering elastic and residual deformation behaviour. The analysis of deformation com-
ponents revealed that tuck loops decrease the elastic deformation ratio and increase delayed and residual
deformation, suggesting greater stress relaxation and a higher permanent set. These results highlight the
sensitive interplay between the presence and combination of knit and tuck loops and their effects on loop
configuration and fabric mechanics. The results thus confirm that the controlled use of tuck stitches provides
a practical approach to optimizing fabric performance in terms of stretch, recovery and stability, thereby of-
fering valuable insights for designing functional and high-performance knitted textiles.

Keywords: tuck stitches, stretch properties, wool, single weft-knit

Izvlecek

V' raziskavi so bile proucene raztezne lastnosti devetih razlicic levo-desnih lovilnih votkovnih pletiv in primer-
jane z lastnostmi enostavnega levo-desnega pletiva. Pletiva so bila izdelana iz preje z dolzinsko maso 31 tex
X 2, iz mesanice volna/PAN. V raziskavi se je ugotavljal vpliv razli¢ic razporeditve in deleza lovilnih petelj (Tn)
v sosledju na raztezne lastnosti pletiv. Enostavna pletena struktura kaze izrazito anizotropijo; deformacija v
precni smeri je priblizno stirikrat vecja kot v vzdolzni smeri. Pri takinem obnasanju pletiva pretezno prevladuje
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elasti¢na komponenta deformacije (E1), kar kaze na visoko takoj$njo elasti¢cno povratnost in dobro dimenzij-
sko stabilnost. Nasprotno pa strukture z razlicno razporejenimi lovilnimi petljami kaZejo bolj uravnoteZzeno
deformacijo v obeh smereh, kar pomeni zmeren vpliv lovilnih petelj na anizotropijo pletiva. Z narasc¢ajocim
delezem lovilnih petelj se povecuje razteznost v vzdolzni smeri, hkrati pa se zmanjsuje elasti¢cna povratnost
v precni smeri, kar vpliva na spremembo razmerja med elasticno in trajno deformacijo. Analiza komponent
deformacije je pokazala, da lovilne petlie zmanjsujejo delez elasticne deformacije (E1/E) ter povecujejo delez
zakasnele (E2/E) in trajne deformacije (E3/E), kar kaZe na vecjo sprostitev napetostiin vecjo trajno deformacijo
pletiv. Rezultati poudarjajo kljucen vzajemni ucinek zank in lovilnih petelj ter njihov vpliv na konfiguracijo
zancne strukture in mehanske lastnosti pletiv. Rezultati raziskave potrjujejo, da je nadzorovana uporaba
lovilnih petelj u¢inkovit pristop k optimizaciji uporabnih lastnosti pletiv, kot so razteznost, povratnost in di-

menzijska stabilnost, ki so pomembne za razvoj funkcionalnih in visokozmogljivih pletenih tekstilij.

Klju¢ne besede: lovilne petlje, raztezne lastnosti, volna/PAN, levo-desno votkovno pletivo

1 Introduction

Knitting is recognized as the second most versatile
technique in textile manufacturing, surpassed only
by weaving, where the choice and arrangement of
stitches are among the most important factors in
defining a fabric’s characteristics [1]. Knitted fabrics
are highly valued for their stretchability, flexibility
and unique elastic properties, making them suitable
for a wide range of uses, from clothing to technical
textiles. These qualities primarily depend on the
basic knitting elements, such as knit, miss (float) and
tuck loops, and how they are arranged in single- and
double-knit structures. Changes in these structural
parts significantly affect fabric width, elasticity and
overall performance, highlighting their important
role in knitted fabric design [2, 3].

Tuck loops, together with knit and miss (float)
loops, are essential structural features due to their
distinctive loop shapes, which promote greater yarn
movement, interloop spacing and porosity. Initial
studies on composite uses revealed that tuck stitches
in fabric significantly influence mechanical proper-
ties, including tensile, compressive and impact resis-
tance. The unique geometry of tuck stitches allows
for lateral stretch but can reduce overall dimensional
stability [4]. Understanding the influence of knitted
fabric structure on its properties can be based on

geometrical modelling. This approach has shown

that adding tuck stitches enhances the predictabil-
ity of fabric structure and mechanical behaviour,
highlighting their significance in creating complex
knitted designs [5].

In both basic and derivative knitted structures,
tuck loops generally increase fabric weight and
thickness while enhancing dimensional stability [6,
7]. Tuck stitches significantly affect the structural and
physical characteristics of knitted fabrics, resulting in
higher weight, width and porosity than in single jer-
sey fabrics. The number and placement of tuck loops
and stitch length are critical factors that affect these
properties and pilling resistance. Fabrics with larger,
more numerous pores tend to resist pilling better,
whereas single jersey fabrics usually have the lowest
resistance. Dyeing and finishing processes also add to
fabric weight but tend to decrease pilling resistance
[8]. In circular knitting, the number and placement
of tuck loops significantly affect bursting strength,
with well-designed placements improving durability
and performance. The results confirm that the precise
placement of the tuck loop can significantly enhance
the structural integrity of knitted fabrics [9]. Addi-
tionally, the contraction behaviour of weft-knit fabrics
depends heavily on stitch type, stitch length and the
placement of tuck and miss loops. Longer stitch

lengths reduce widthwise contraction, while fabrics
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with miss loops show greater contraction than those
with tuck loops. Single miss-knit fabrics display
less contraction than plain structures at the same
course length. The proper positioning of tuck and
miss loops within a pattern is therefore crucial for
controlling dimensional stability [10]. Variations in
the number and placement of tuck loops, as well as
their combination with knit and miss loops, signifi-
cantly influence dimensional properties, mechanical
behaviour under low stress and overall structural
performance [11-15]. Different stitch combinations,
combining knit, tuck and miss loops, affect key
physical properties such as areal density, thickness,
air permeability, drape, stretch and recovery, and
shrinkage, even under consistent knitting condi-
tions. The addition of tuck and float knit structures
significantly alters fabric drape [12]. Tuck loops have
been shown to increase areal density, porosity, resis-
tance to pilling, drape coefficient and fabric width,
while maintaining dimensional stability, although
they have little effect on colour fastness [16]. Beyond
mechanical qualities, tuck structure design also
influences aesthetic and tactile properties. When
combined with other knit structures, such as eyelet,
mesh or crochet, it facilitates diverse surface textures
and visual effects, including concave-convex pat-
terns and colour variations. This versatility enables
designers to incorporate artistic expression, yarn
choices and fashion trends into functional knitwear,
blending performance with decorative appeal
Increasing tuck loops per wale reduces fabric width,
affects shrinkage and spirality, and increases areal
density, highlighting the importance of controlling
tuck loops to optimise both performance and visual
properties [17]. Moreover, tuck structures are im-
portant in the performance of weft-knitted strain
sensors. Increasing the proportion of tuck loops low-
ers both initial and average resistance and improves
the linearity of the piezoresistive response. This
suggests that tuck loop configurations can be used to
customize the electromechanical behaviour of knit-
ted sensors, thereby enhancing their sensitivity for

applications such as human motion detection [18].

The number of tuck and miss stitches significantly
affects the properties of knitted fabric. Increasing
their proportion reduces stretchability in both width
and length, and decreases surface density. Tuck and
miss stitches also reduce material usage, while miss
stitches improve shape stability. Their most notable
effect is on surface density, followed by volume
density [19].

The placement and quantity of tuck loops sig-
nificantly affect the thermo-physiological comfort
of bi-layer knitted fabrics. Properly positioning tuck
loops along the wale enhances air, heat and moisture
transfer, while also decreasing fabric thickness and
mass per unit area. This results in better thermal
conductivity, air permeability, moisture absorption,
drying speed and overall comfort. Fabrics with
fewer tuck loops generally offer improved thermal
comfort, as supported by objective tests and wearing
trials [20]. Additionally, the ratio of knit to tuck
loops significantly influences both physical and
sensory comfort. Structure composition affects areal
density, stitch density, thickness, resilience, softness,
drape and wrinkle recovery. By carefully balancing
knit and tuck loops, it is possible to achieve desired
mechanical properties and increased comfort, em-
phasizing the importance of stitch design in creating
multifunctional knitted fabrics [21]. Stress relaxation
in knitted textiles is a time-dependent process where
internal stresses diminish under sustained strain,
which is important for applications such as com-
pression garments and medical bandages that need
consistent pressure. Including tuck loops in double
jersey weft-knitted fabrics has been shown to reduce
both initial and residual stress, thereby enhancing
long-term performance stability.

This study systematically examines the effect of
tuck stitch variations on the stretch behaviour of sin-
gle weft-knitted fabrics made from a wool/PAN with
50% wool and 50% polyacrylonitrile fibres in the
yarn. By implementing alternating tuck and plain
courses and comparing them with traditional plain
stitch, the research aims to clarify the relationship

between stitch variants and fabric stretchability. This
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approach provides a better understanding of how
tuck variants influence the structural changes that
impact the mechanical and dimensional properties
of knitted textiles. The findings are expected to pro-
vide a scientific foundation for optimizing knitting
design parameters and offer practical guidance for
creating high-performance knitted fabrics that
balance durability, elasticity, comfort and aesthetic

appeal.
2 Materials and methods

2.1 Materials

This study focuses on nine variants of single tuck
fabrics (variants 2-10) and one plain fabric (variant
1) (Table 1). Each tuck stitch structure consists of
one course of plain stiches (formed by the first yarn
feeder), followed by one course of single tuck stitch-
es (formed by the second yarn feeder). The knitted
samples were produced on a 10-gauge flat V-bed
knitting machine using a wool/PAN yarn containing
50% wool and 50% polyacrylonitrile (PAN) of 31
tex x2. Throughout the knitting process, the stitch

cam settings, yarn tension and fabric take-down

were kept constant. Before knitting, the yarn was
pre-treated with a 0.5% wax finish [22].

The tuck stitch index is set to one. The structure
of the tuck stitch (Figure 1) consists of knit loops,
which can appear as extended help loops (1) with
tuck loops (2), and unextended knit loops (3). The
head of the tuck loop is located on the reverse side of
the fabric (the technical back). The unextended knit
loops (3), which are located near the held loop with
the tuck loop, usually have less height and a wider
width, resembling a N1-shape, compared to conven-
tional knit loops, which are shown in the photo of
the technical face side of the tuck stitch variant 2
(Figure 1a).

The studied variants of the single tuck stitches
consist of a tuck loop produced over one, two or
three adjacent needles, while various combinations
of knit (m) and tuck (n) loops at the width repeat R
define the tuck stitch variants. The number of knit
(m) and tuck (n) loops in the tuck stitch structures
across the fabric width can likewise be one, two or
three. Different combinations of knit (m) and tuck
(n) loops produced variations of the tuck stitches
2-10.

Table 1: Graphical notations and visual illustrations of the single-knitted fabrics

Variants Graphical notation of the repeat at

lllustration of the view of the structure from the side

. T, (%) . : ;
of fabric " height, R, Technical face Technical back
1 0
2 50

3 66.6
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4 75
5 333
6 50
7 60
8 25
9 40
10 50

* percentage of tuck loops
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a)

b)

Figure 1: Illustration and photos of the technical face of tuck stitch knitted fabric variant 2:
a) technical face, b) technical back (1 - held loop, 2 - tuck loop, 3 - knit loop)

The percentage of tuck loops within the tuck
stitch repeat across the fabric width (T,) was calcu-

lated using the following equation:

T = —"— x100[%] (1),

n m+n

where m represents the number of knit loops within
the tuck stitch repeat across the width R, and n
represents the number of tuck loops within the tuck

stitch repeat across the width R .

2.2 Methods

Relaxation conditions

Following the knitting process, the fabrics were
conditioned under standard atmospheric conditions
for testing, in accordance with ISO 139:2005 [23].
They were then washed in a fully automatic domestic
washing machine using the wool cycle, as prescribed
by ISO 6330:2021 [24].

Average stitch length

The stitch length of the knitted fabric was measured
separately for plain and tuck stitches, and expressed
as the average yarn length per stitch, in accordance
with the EN 14970:2006 [25] and GOST 8846-87
[26] standards. Measurements were conducted over
a section containing 50 wales. Each reported value
represents the mean of twenty individual measure-
ments for both the plain stitch length () and the tuck
stitch length (). The overall average stitch length
() was then calculated from the individual stitch

lengths using the following equation:

b+l
l= - [

mm] (2)
Stretch characteristics

The stretch characteristics of the single-tuck and plain
stitches were measured by determining full, elastic,
delayed and residual deformations, together with
their contributors, according to GOST 8847-85 [27].
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For determining the stretch characteristic, a
“rack” relaxometer was used to conduct a “loading-
unloading-rest” cycle [13, 14]. During testing, the
samples were loaded with 6 N for 60 minutes. The
samples were then unloaded and given a 120-minute
rest period (Figure 2). Fabric specimens, each 50
mm wide and 200 mm long, were first clamped at a
gauge length of 100 mm (L,). The displayed results
represent the averages of five samples for each direc-
tion (in length and width).

The lengthwise and widthwise stretch character-

istics were calculated using the following formula:

a) full deformation (E):

E= % % 100[%] (3),

0

where L represents the initial length of the speci-
men, mm (L,= 100 mm) and L, represents the length
of the specimen after 60 minutes of loading in mm.

b) elastic deformation (E)):

E,= % x 100[%] (4),

0

where L, represents the length of the specimen just

after unloading in mm.

c) delayed deformation (E,):

E,= 2 x 100(%] (5),
0

where L, represents the length of the specimen after

resting in mm.

d) residual deformation (E,):

E,= 22t % 100(%] (6)

0
Based on the full, elastic, delayed and residual
deformations, the contributions of each component

to the full deformation, such as E /E, E,/E, and E /E,

was calculated.

Figure 2: Specimen s length changes of the plain (vari-
ant 1) within the cycle of “loading-unloading-resting”

in both directions

Statistical analysis
The data were analysed statistically using the Stu-
dent’s t-test for independent samples, following the

formula below:

™,

where X, and X, represent the samples’ mean values
of the determined characteristic, ¢, and o, represent
the sample’s standard deviation of the determined
characteristic and #, and n, represent their corre-
sponding sample sizes (n, = n, = 5).

4 Results and discussion

Stitch length

The different tuck stitch variants directly influence
stitch length by affecting the number of knit and tuck
loops within each stitch repeat (Figure 3). Although
the knitting machine’s settings remained constant
during production, the plain stitch length (1) of the
fabric variants changed by up to around 5%, except
for variant 8, which deviated by 10.7%. The tuck
stitch length (/) depends on both the number and
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arrangement of the knit and tuck loops. When the
number of knit loops (m) increases from 1 to 3 with
a constant number of tuck loops (n), the tuck stitch
length (1) increases proportionally. The relationship
between the average stitch length (I ) is linear (Figure
3), with an increase of 69.3%, when the percentage of
tuck loops (T) reaches 75%.
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Figure 3: Dependence of average stitch length (I ) and
the percentage of tuck loops (T) in the tuck stitch
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Stretch characteristics

The results of the lengthwise and widthwise stretch
characteristics of the single-tuck knitted fabrics are
presented in Tables 2 and 3, respectively.

A specimen’s length variations of the plain (vari-
ant 1) throughout the “loading-unloading-resting”
cycle in both directions are illustrated in Figure 2.

An analysis of the stretch characteristics of the
plain fabric reveals that the material exhibits signif-
icant anisotropic behaviour, with total deformation
in the widthwise direction (205.8%) exceeding that
in the lengthwise direction (48.0%) by a factor of
four (Tables 2 and 3). In tuck stitch variants (variants
2-10), this trend is less noticeable and varies depend-
ing on the specific tuck stitch variant. In both plain
fabric orientations, the elastic component (E ) pre-
dominates, accounting for approximately 60-62%
of the overall deformation, indicating the fabric’s
substantial capacity to revert to its original dimen-
sions upon load removal. The delayed (E,) compo-
nent accounts for 29-32% of the total deformation,
indicative of viscoelastic behaviour associated with
gradual yarn relaxation. Meanwhile, the residual
(E,) component remains low at 7.5-8.6%, which
confirms the fabric’s good dimensional stability.

Table 2: Lengthwise stretch characteristics of knitted fabrics after washing

Fabric Deformations (%) and their contributors
variants T,*06) mn® |, & (mm)

E® E,° E," E,9 E/EM  E/E)  E[/ED
1 0 1-0 6.45+0.16 48.0+45 29.0+39 154%09 3.6%1.1 0.60 0.32 0.07
2 50 1-1 8.16 +0.39 88.8+4.1 476+40 278%+15 134+1.1 0.54 0.31 0.15
3 66.6 1-2 8.51+0.31 808+87 416+63 220x16 172%36 0.51 0.28 0.21
4 75 1-3 10.92+032 622+29 340+26 188+1.9 9.4+18 0.55 0.30 0.15
5 333 2-1 933+034 690%£10.6 40.2+9.1 188+26 100x3.2 0.58 0.28 0.14
6 50 2-2 9.87 £0.48 714+78 432+69 216%15 6.6 +0.6 0.60 0.30 0.09
7 60 2-3  1062+0.06 77.8+10.5 380%58 250+35 148+4.1 0.49 0.32 0.19
8 25 3-1 7.63+0.03 592+64 264+83 234+33 94+1.1 0.44 0.40 0.16
9 40 3-2 8.09+0.04 694+47 416+43 202x08 76+20 0.60 0.29 0.1
10 50 3-3 9.00+0.23 626+54 348+48 194+27 84+15 0.55 0.31 0.14

% percentage of tuck loops, ® the number of knit and tuck loops,  average stitch length, ¢ full deformation, © elastic
deformation, © delayed deformation, ® residual deformation, ™ contributors of elastic deformation in full, ? contributors of
delayed deformation in full, ” contributors of residual deformation in full
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Table 3: Widthwise stretch characteristics of knitted fabrics after washing

Fabric Deformations (%) and their contributors
variants T, (%) m-n® l,©(mm)

EY E ° E," ENS E/EM EJ/E E/ED
1 0 1-0 6.45+0.16  2058+169 1284+123 596+56 17.8+23 0.62 0.29 0.09
2 50 1-1 8.16 £0.39 84.6 £3.4 43.0+25 272+18 144+23 0.51 0.32 0.17
3 66.6 1-2 8.51 +0.31 99.0+33 456+ 3.5 27415 26.0+1.2 0.46 0.28 0.26
4 75 1-3 10.92 +0.32 103.4+6.9 53.6+64  30.8+21 19.0+ 2.1 0.52 0.30 0.18
5 33.3 2-1 9.33+0.34 1422+ 8.1 704+6.8 50.0+28 21.8+1.1 0.49 0.35 0.15
6 50 2-2 9.87 £0.48 1152+104 67.6+6.7 320+45 15606 0.59 0.28 0.14
7 60 2-3 1062+0.06 1126+153 470175 298+3.1 35850 0.42 0.27 0.32
8 25 3-1 7.63+0.03 1706 £9.2 92.8+6.1 514+3.2 26429 0.54 0.30 0.15
9 40 3-2 8.09 + 0.04 130.0+8.3 774 %51 34052 186+1.7 0.60 0.26 0.14
10 50 3-3 9.00 +£0.23 138.8+8.0 79.2+5.1 36.2+44 234+1.1 0.57 0.26 0.17

9 percentage of tuck loops, ¥ the number of knit and tuck loops, 9 average stitch length, 9 full deformation, © elastic

deformation, ? delayed deformation, ® residual deformation,  contributors of elastic deformation in full, ? contributors of

delayed deformation in full,  contributors of residual deformation in full

The stretch properties of knitted fabrics are pre-
dominantly determined by the type of loop structure
and the physical characteristics of the yarn [28]. Under
tensile stress, deformation in plain and tuck stitches
occurs through the redistribution of yarn within the
constituent parts of the knit structure, including the
knit and tuck loops and their components: the head,
sinker loop and legs. The extent and configuration of
tuck loops significantly influence a fabric’s geometry
and, thus, its mechanical response and elasticity.

The obtained results indicate that the presence
and percentage of tuck loops significantly affect the
stretch properties of the fabrics in both lengthwise
and widthwise directions. Specifically, the inclusion of
tuck loops led to increased elongation in the length-
wise direction (Figure 4 a-c) and a corresponding
reduction in widthwise stretch compared to plain
knitted structures (Figure 4 d-g), as was also noted in
the study [16]. The decrease in widthwise stretching
as the percentage of the tuck loop in width repeat
increases follows the same trend as the increase in the
miss-stitch rate in single-knit fabrics [13].

The full deformation lengthwise (E) of tuck stitch
fabrics is generally equal to or only 1.2-2.2 times high-
er than the widthwise full deformation (E, ) (Tables 2
and 3). Comparing the lengthwise stretch properties

of tuck stitch variants (2-10) with the plain stitch
fabric (variant 1) highlights several key points (Table
2 and Figure 4 a-c). Tuck stitch fabrics show higher
full (E), elastic (E ), delayed (E,) and residual (E,)
deformations in the lengthwise direction compared
to plain fabrics. The full lengthwise deformation (E)
of tuck stitch variants ranges from 59.2% to 88.8%,
compared to 48.0% for the plain stitch variant, indi-
cating that tuck loops contribute to structural changes
that enhance fabric extensibility. Elastic deformation
(E,) varies from 26.4% to 47.6% in tuck stitch fabrics,
slightly exceeding the plain value of 29.0%, suggesting
better immediate recovery. Delayed deformation
(E,)) ranges from 19.4% to 27.8% in tuck stitches,
higher than the 15.4% for the plain stitch variant,
reflecting increased viscoelastic behaviour. Residual
deformation (E,) ranges from 7.6% to 17.2%, which
is significantly above the 3.6% for the plain stitch vari-
ant, indicating a greater permanent set after loading.
Variants with an equal number of tuck loops showed
similar levels of lengthwise delayed deformation (E).
Specifically, variants with 50.0% tuck loops (variants 2,
6, and 10) showed that delayed deformation contribut-
ed E /E = 0.30-0.31 to the total deformation. The same
trend has been observed for single weft-knitted fabrics

with the same percentage of miss loops [13].
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Figure 4: Specimen’s length changes within the cycle of “loading-unloading-resting” for knitted fabrics in the
length direction for tuck loops (n = 1, 2, 3): a) for variants 1 and 2-4 (m = 1), b) for variants 1 and 5-7 (m = 2),
c) for variants 1 and 8-10 (m = 3); in the width direction for tuck loops (n = 1, 2, 3): e) for variants 1 and 2-4 (m
= 1), f) for variants 1 and 5-7 (m = 2), g) for variants 1 and 8-10 (m = 3)



378 Tekstilec, 2025, Vol. 68(4), 368-382

Conversely, the widthwise stretch properties of
tuck stitch fabrics (2-10) display opposite trends.
These fabrics exhibit lower full (E), elastic (E,) and
delayed (E,) deformations in the widthwise direction
than the plain stitch variant, except for the residual
deformation (E,). The full widthwise deformation
(E,) ranges from 84.6% to 170.6% across tuck stitch
variations, indicating decreased overall fabric ex-
tensibility, compared to 205.8% for the plain. Elastic
deformation (E,) varies from 43.0% to 92.8% in tuck
stitch fabrics, showing less immediate recovery,
whereas the plain exhibits a higher value of 128.4%.
Delayed deformation (E,) ranges from 27.2% to
51.4% in tuck stitches, which is lower than the 59.6%
observed in the plain stitch variant, implying lower
viscoelasticity. Residual deformation (E,) in tuck
stitch fabrics ranged from 14.4% to 35.8%, encom-
passing the plain stitch fabric value of 17.8%.

The relationship between the widthwise full (E),
elastic (E,) and delayed (E,) deformations, and the
percentage of the tuck loops (T)) in the stitch repeat
at the width is presented in Figure 5. Figure 6 shows

the lengthwise and widthwise contributions of full

deformation.
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Figure 5: Relationship between the widthwise full (E),
elastic (E1) and delayed (E2) deformations, and the
percentage of the tuck loops (T,) in the stitch repeat
at the width

The correlation between the full widthwise (E ),
elastic (E, ) and delayed (E, ) deformations, and
the percentage of tuck loops (T ) per width repeat
demonstrates a decreasing linear trend (Figure 5).
This suggests that an increased number of tuck loops
(n) diminishes a fabric’s widthwise extensibility.
Conversely, the relationship between lengthwise de-
formations and the percentage of tuck loops (T ) per
width repeat is nonlinear, indicating a more intricate
structural response to tuck loop distribution.

The relative contributions of full deformation in
both the lengthwise and widthwise directions are
depicted in Figure 6, which shows that the deforma-
tion ratios confirm the significant influence of the
introduction and distribution of tuck loops on fabric
anisotropy. The presence and number of tuck loops
per width repeat generally reduce the contribution
of elastic deformation (E /E) to the total deforma-
tion in both directions compared with the plain
loops, with values ranging from 0.44 to 0.60 in the
lengthwise direction and from 0.42 to 0.60 in the
widthwise direction, as also mentioned in the paper
[16]. This reduction indicates that tuck loops limit
the immediate elastic recovery of the fabric, promot-
ing increased structural relaxation and directional
dependence in deformation behaviour.

Conversely, the presence and number of tuck
loops tend to increase the contribution of residual
deformation (E,/E) relative to the plain loops, with
values ranging from 0.09 to 0.21 in the lengthwise
direction and from 0.14 to 0.32 in the widthwise
direction, reflecting greater permanent set and
reduced dimensional stability.

The contribution of delayed deformation (E,/E)
ranges from 0.28 to 0.40 in the lengthwise direction
and from 0.26 to 0.35 in the widthwise direction,
compared with 0.32 and 0.29 for the plain stitch
variant, respectively. These values indicate that tuck
loops slightly enhance the viscoelastic component
of deformation, allowing gradual stress relaxation
and delayed recovery, which contributes to the
overall flexibility and time-dependent deformation

behaviour of the fabric.
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Tables 4 and 5 show the t-test statistical results
used to determine the lengthwise and widthwise
stretch characteristics of independent samples.

A statistical analysis using t-tests (Tables 4 and
5) showed greater differences in widthwise stretch
characteristics than in lengthwise stretch character-
istics, with a significance level of 0.001. Widthwise
full (E), elastic (E ) and delayed (E,) deformations
of the tuck stitch variants 2, 6, and 10 with 50% tuck
loops at the width repeat, compared to the plain
stitch fabric (variant 1), exhibit a notable difference,
mainly with a significance level of 0.001.

Table 4: Statistical results for the determination of
the lengthwise stretch characteristics for independent

samples using the t-test

Value of parameter (t) between plain and tuck

Tested stitch variants (d=n,+n,=8)
parameter
E E, E, E,

t, 15.0°9 749 16.19 13.69
t,, 7.59 3.8Y 8.19 8.0
t, 599 249 36" 6.19
t,, 41v 259 2.8 42
t,, 589 40" 7.99 549
t, 589 297 6.0 599
t, 3.29 0.6 539 8.19
t, 739 48" 8.99 409
t 46" 219 3.1° 579

1/10

Legend: ¥ 0.05 level of significance; ® 0.01 level of signifi-
cance; 9 0.001 level of significance; ¢ no statistically signif-
icant difference; df degree of freedom

Table 5: Statistical results for the determination of
the widthwise stretch characteristics for independent

samples using the t-test

Value of parameter (t) between plain and tuck

Tested stitch variants (d=n +n,=8)
parameter
E E, E, E,

t, 15.79 1539 1259 249
t,, 13.99 14.59 1259 7.19
t,, 12,59 12.19 1099 0.9¢
s 7.69 9.29 350 3.5
t, 10.29 9.79 8.6 219
t, 9.19 1269 10.59 7.49
U 410 589 292 529
t, 9.09 8.69 7.59 069
t 8.09 8.3¢9 7.49 4,99

1/10

Legend: ¥ 0.05 level of significance; » 0.01 level of signifi-
cance; © 0.001 level of significance; ¥ no statistically signif-

icant difference; d, degree of freedom

4 Conclusion

This study examined the stretch behaviour of nine
variants of single-tuck weft-knitted fabrics made from
31 tex X2 wool/PAN yarn and compared them with the
plain stitch fabric. The primary aim was to determine
how varying the percentage of tuck loops (T ) within
the stitch repeat influences the stretch properties of the
fabrics. The analysis highlights the significant role of
loop structure in governing the mechanical behaviour
of plain and tuck weft-knitted fabrics.
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The plain fabrics exhibited pronounced anisot-
ropy, with widthwise deformation four times greater
than lengthwise deformation. Their stretch response
was dominated by the elastic component (E)),
indicating strong immediate recovery. Both delayed
(E,) and residual (E,) deformations were relatively
low, demonstrating good dimensional stability. In
contrast, tuck stitch variants (2-10) exhibited more
balanced deformation between lengthwise and
widthwise directions, reflecting the moderating
effect of tuck loops on fabric anisotropy.

The presence and proportion of tuck loops in
the stitch repeat significantly impacted the stretch
behaviour. Lengthwise deformations increased,
enhancing fabric extensibility, while widthwise de-
formations generally decreased, reducing immediate
recovery and diminishing the viscoelastic response.
Specifically, full, elastic, delayed and residual defor-
mations were higher in the lengthwise direction for
tuck stitch fabrics than for plain fabrics, whereas
widthwise deformations showed the opposite trend.

The analysis of the deformation components
indicated that tuck loops lessen elastic deformation
(E,/E) and increase the residual deformation (E,/E),
suggesting a greater permanent set and reduced di-
mensional stability. The slight increase in the delayed
component (E2/E) suggests enhanced viscoelasticity
and stress relaxation. The relationship between de-
formation components and the percentage of tuck
loops per width repeat showed a decreasing trend in
widthwise extensibility and a nonlinear response in
the lengthwise direction, highlighting the complex
structural influence of tuck loop distribution.

Overall, the results confirm that adding and
arranging tuck loops facilitates the fine-tuning of
the stretch properties of knitted fabrics. By carefully
controlling the percentage and placement of tuck
loops, textile designers can achieve specific stretch
behaviours, optimize recovery and improve dimen-
sional stability, serving as valuable guidance for fab-

ric development and functional textile engineering.

Data availability statement: Since December 5,
2025, the research data has been available at https://
zenodo.org/records/17829260 [29].

Refereences

1. SPENCER, David ]. Knitting technology: a
comprehensive handbook and practical guide.
Abington : Woodhead Publishing, 2001.

2. MOISEENKO, Fedor A., BUKHONKA, Nadiia
P. Fundamentals of the structure and computer
design of knitted fabrics. Kiev : Center for educa-
tional literature, 2004. (in Ukrainian).

3. BUKHONKA, Nadiia P. Experimental study of
structural characteristics, dimensional change
in washing, non-creasing properties and air per-
meability of Swiss double piqué flax knit fabrics.
Journal of Engineered Fibers and Fabrics, 2023,
18, 1-20, doi: 10.1177/15589250231181701.

4. ALPYILDIZ, Tuba, ICTEN, Bulent, KARA-
KUZU, Ramazan, KURBAK, Arif. The effect of
tuck stitches on the mechanical performance of
knitted fabric reinforced composites. Composite
Structures, 2009, 89(3), 391-398, doi: 10.1016/j.
compstruct.2008.09.004.

5. KURBAK, Arif, KAYACAN, Ozlem. Basic
studies for modeling complex weft knitted fabric
structures. Part V: Geometrical modeling of tuck
stitches. Textile Research Journal, 2008, 78(7),
577-582, doi: 10.1177/0040517507087672.

6. BUKHONKA, Nadiia P. Experimental studies
of the dimensional properties of single tuck
stitches. Industria Textila, 2011, 62 (1), 14—18.

7. BUKHONKA, Nadiia P. Research of dimen-
sional properties of knit-and-tuck rib cloth
[Istrazivanje parametara strukture kulirnih
desno-desnih zahvatnih pletiva]. Tekstil, 2011,
60(11), 543-547.

8. UYANIK, Seval, TOPALBEKIROGLU, M. The
effect of knit structures with tuck stitches on
fabric properties and pilling resistance. The
Journal of The Textile Institute, 2017, 108(9),
1-6, doi: 10.1080/00405000.2016.1269394.


https://zenodo.org/records/17829260
https://zenodo.org/records/17829260

10.

11.

12.

13.

14.

15.

Influence of Tuck Stitch Variations on the Stretch Properties of Wool/PAN Single Weft-Knitted Fabrics

UYANIK, Seval, DEGIRMENCI, Zuleyha,
TOPALBEKIROGLU, M., GEYIK, Faruk. Ex-
amining the relation between the number and
location of tuck stitches and bursting strength
in circular knitted fabrics. Fibres and Textiles in
Eastern Europe, 2016, 24, 1(115), 114-119, doi:
10.5604/12303666.1170266.
HOSSAIN, A KM.M., AL MAMUN, Md A,
FAIZ AHMED, A.T.M., AMIN, Md R. Evaluat-
ing width-wise contraction of different cotton
single knit structures due to the positioning
of tuck and miss loops at different locations
in the structural repeats. Journal of Engi-
neered Fibers and Fabrics, 2023, 18, 1-10, doi:
10.1177/15589250231203379.
DIVYA,R.,PRAKASH, C., SAMPATH KUMAR,
S.K.,, RATHINAMOORTHY, R., KUMAR, K.V,
RAJWIN, A.]. Effect of tuck and miss stitch on
the geometrical properties of regenerated cellu-
lose plain and derivative knit structures. Journal
of Testing and Evaluation, 2022, 50(6), 368-377,
doi: 10.1520/JTE20210257.
ASSEFA, Alemayeha, GOVINDAN, Nalankilli.
Physical properties of single jersey derivative
knitted cotton fabric with tuck and miss stitches.
Journal of Engineered Fibers and Fabrics, 2020,
15, 1-10, doi: 10.1177/1558925020928532.
BUKHONKA, Nadiia P, KYZYMCHUK
Olena P. The effect of miss stitches on the
dimensional and stretch properties of cotton/
flax knitted fabrics. Journal of Engineered
Fibers and Fabrics, 2023, 18(2), 1-16, doi:
10.1177/15589250231210954.
BUKHONKA, Nadiia P, KYZYMCHUK Olena
P. The evaluation of the effect of rib set-outs
on the dimensional and stretch properties of
double weft knitted cotton/flax fabrics. Journal
of Engineered Fibers and Fabrics, 2024, 19, 1-17,
doi: 10.1177/15589250241255099.
KYZYMCHUK Olena P, KYOSEV, Yordan,
RICHTER, Christoph, BENDT, Ellen. Me-
chanics of knitted fabrics. In Comprehensive
Mechanics of Materials. Vol. 4. Edited by Vadim

16.

17.

18.

19.

20.

21.

22.

381

Silberschmidt. Elsevier, 2024, 194-213, doi:
10.1016/B978-0-323-90646-3.00018-6.
BOUAGGA, Takwa, HARIZI, Taoufik,
SAKLI, Faouzi. The effect of tuck stitch on
the properties of weft knitted fabric. Journal
of Natural Fibers, 2021, 19(15), 1-12, doi:
10.1080/15440478.2021.1993415.
WASIM, Syeda Sanjida, AHMED, Jamal
Uddin, MEIA, Md. Al-Amin. Effect of wales
wise increment of tuck loop on fabric width,
shrinkage, spirality and areal density of weft
knitted fabric. International Journal of Textile
Science, 2017, 6(6), 143-147, doi: 10.5923/].
textile.20170606.01.
AYODELE, Emmanuel, ZAIDI, Syed Ali Raza,
SCOTT, Jane, ZHANG, Zhigiang, HAFEEZ,
Maryam, McLERNON, Des. The effect of
miss and tuck stitches on a weft knit strain
sensor. Sensors, 2021, 21(2), 1-20, doi: 10.3390/
§21020358.
SARYBAYEVA, E., KURAMYSOVA, M.,
MUKIMOV, M., SHARDARBEK, M., RA-
KHMANOVA, Z., MAKHANBETALIYEVA,
K., TASHMUKHAMEDOYV, E, JURINSKAYA,
1., KALMAKHANOVA, M. Influence of tuck
stitches on the physical and mechanical proper-
ties of knitted fabrics. Research Journal of Textile
and Apparel, 2023, 28(4), doi: 10.1108/RJTA-07-
2022-0083.
SENTHILKUMAR, P, THANGAMUTHU,
Suganthi. Influence of tuck stitch in wale di-
rection on thermal comfort characteristics of
layered knitted fabrics. Indian Journal of Fibre
and Textile Research, 2019, 44(1), 65-74.
BASRA, Sikander Abbas, KUMPIKAITE, Egle,
ASFAND, Norina. Development and investiga-
tion of hybrid knitted structures for sensorial
comfort properties. Part I — Tuck stitches. Jour-
nal of Natural Fibers, 2023, 20(2), 1-15, doi:
10.1080/15440478.2023.2222554.
SHALOYV, Ivan 1., KUDRJAVIN, Lev A. Basics
of designing knitwear production with CAD
elements. Moscow. Legprombitizdat, 1989.



382

23.

24.

25.

26.

Tekstilec, 2025, Vol. 68(4), 368-382

ISO 139:2005. Textiles — Standard atmospheres
for conditioning and testing. Geneva : Interna-
tional Organization for Standardization, 2005,
1-6.

ISO 6330:2021. Textiles - Domestic washing and
drying procedures for textile testing. Geneva :
International Organization for Standardization,
2021, 1-36.

EN 14970:2006. Textiles - Knitted fabrics -
Determination of stitch length and yarn linear
density in weft knitted fabrics. CEN, 2006, 1-13.
GOST 8846-87. Knitted fabrics and garments.
Methods for determination of linear dimensions,
distortion number of courses and wales and
yarn length in the loop (updated 01.01.2021).
RGTT, 1987.

27.

28.

29.

GOST 8847-85. Knitted fabrics. Methods for
determination of breaking characteristics and
extensibility under loads less than breaking
loads, updated 01.01.2023. RGT'T, 1985.
KUKIN, G.N., SOLOVJEV, A.N., KOBLJAKOV,
AL Textile materials science (textile fabrics and
products). Moscow : Legprombitizdat, 1992, 272
p-

BUKHONKA, N. Influence of tuck stitch vari-
ations on the stretch properties of half-wool
single weft-knitted fabrics [Data set]. Zenodo,
2025, https://doi.org/10.5281/zenodo.17829260.



	_Hlk151019551
	_Hlk211156255
	_Hlk211156438
	_Hlk211156527
	_Hlk215782443
	_Hlk211156567
	_Hlk210938563
	_Hlk209099327
	_Ref210383733
	_Ref211109879
	_Ref210383753
	_Ref210466390
	_Ref211109942
	_Ref211109970
	_Ref211109982
	_Ref211109999
	_Ref211110018
	_Ref211110041
	_Ref211110058
	_Ref211110078
	_Ref211110116
	_Ref211110146
	_Ref211110165
	_Ref211110179
	_Ref211110199
	_Ref211110231
	_Ref211110256
	_Ref211110274
	_Ref211110288
	_Ref211110301
	_Ref211110360
	_Ref211110374
	_Ref211110389
	_Ref211110400
	_Ref211161750
	_Ref211161763
	_Ref211110411
	_Ref211110458

