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Consumers value knitted clothing that combines aesthetic appeal with comfort. Incorporating tuck or
float stitches into basic weft-knitted fabrics creates a variety of new structures, each with distinct
appearances and characteristics. This study examines the impact of the number and position of tuck
stitches within the structure of rib-weft knitted fabrics on their comfort properties. The quality of the
fabrics was assessed based on their ability to meet these comfort properties. The calculated values of
the complex criterion for fabric quality revealed that all investigated fabric structures exhibited good
to excellent quality. Among them, the fabric containing a single tuck stitch per pattern repeat
demonstrated the best overall quality (Qk = 0.84). The Half Cardigan with tuck stitches on one side
of the fabric achieved a quality score comparable to the Rib structure (Qk = 0.8). In contrast, the Full
Cardigan, featuring tuck stitches on both sides, showed inferior quality (Qk = 0.76) relative to the
other structures. In conclusion, the controlled use of tuck stitches within fabric structures enhances
fabric quality concerning comfort properties.

1 INTRODUCTION

Clothing comfort is a multifaceted and subjective
perception resulting from the interactions between fabric,
climate, and human physiological and psychological factors.
In essence, comfort represents a harmonious state of
physiological, psychological, and physical balance between a
person and their environment [1]. It is influenced by the
sensory response to clothing materials and depends on various
thermal, physiological, and mechanical properties [2].

Comfort can be classified into three main types:
psychological, tactile, and thermal. Psychological comfort
relates to societal acceptance and adherence to fashion trends,
with minimal connection to fabric properties. Tactile comfort
is influenced by the surface and mechanical properties of
fabrics, while thermal comfort depends on a fabric's ability to
regulate skin temperature by facilitating heat transfer and
managing perspiration generated by the human body [3].

Numerous studies have highlighted factors affecting
clothing comfort, including fiber type [4,5]; yarn-related
parameters such as count and spinning system [4,6-9]; fabric-
related parameters like thickness, tightness factor, and weight
[5-12]; body activity levels; and environmental conditions.

The comfort of clothing produced from weft-knitted fabrics
has been widely researched. Chidambaram et al. [13]
demonstrated that increasing the proportion of bamboo fibers
in cotton/bamboo knitted fabrics improves air and water vapor
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permeability while reducing thermal conductivity. Similarly,
Oglakcioglu et al. [14] found that raising the percentage of
Angora rabbit fibers in Angora rabbit/cotton knitted fabrics
decreases thermal conduction, thermal absorption, and water
vapor permeability while enhancing thermal resistance.
Additionally, fabrics knitted from ring-spun yarns exhibit a
warmer initial touch, greater thermal insulation, and lower
water vapor permeability than those knitted from open-end
yarns, primarily due to yarn hairiness.

Jhaniji et al. [15] explored the impact of fiber type and yarn
linear density on the comfort properties of single jersey-plated
knitted fabrics. Their study revealed that plated fabrics with
nylon as the inner layer provided the highest air and water
vapor permeability, along with the coolest initial skin contact,
owing to nylon’s high thermal absorptivity. Conversely,
coarser yarns in the outer layer are not recommended for warm
conditions because they increase thermal resistance and reduce
air and water vapor permeability.

Hassan et al. [16] studied the effect of sportswear fabric
properties on the physiological responses and performance of
athletes. The tested fabrics were made of 100% cotton, a 65/35
polyester/cotton blend, and 100% polyester fibers. The
garment made of 100% polyester exhibited the best
physiological responses and performance, which was
attributed to better moisture management due to its relative
water vapor permeability (68%) and lower thermal
conductivity. Additionally, a high correlation was observed
between fabric thickness, fabric porosity, fabric air
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permeability, relative water vapor permeability, fabric thermal
properties, and athletes’ physiological responses

Ozdil et al. [17] studied the effect of yarn features on the
thermal properties of rib weft-knitted fabrics. The results
revealed that fabrics produced from finer yarns exhibit lower
thermal resistance and thermal conduction but higher water
vapor permeability and lower thermal absorption compared to
those made from coarser yarns. Additionally, increasing the
yarn’s twist leads to higher thermal absorption and water vapor
permeability while reducing the thermal resistance of the
fabric. Furthermore, the combing process enhances the
thermal conduction, thermal absorption, and water vapor
permeability of fabrics made from cotton yarn while
decreasing their thermal resistance.

Yazdi et al. [18] investigated the heat and moisture transport
properties of double-surface weft-knitted fabrics produced
from different combinations of hydrophilic (cotton) and
hydrophobic fibers (polyester and polypropylene). They
observed that clothing made of hydrophobic fibers, such as
polypropylene (PP) or polyethylene terephthalate (PET), in the
inner layer and hydrophilic fibers, such as cotton, in the outer
layer provides the best thermal and moisture comfort in hot
environments with high body perspiration. The next-to-skin
layer absorbs moisture from the skin surface and transfers it to
the ambient atmosphere through surface evaporation.

In similar research, Long [19] studied water moisture
transfer in double-layer weft-knitted fabrics made from
various fiber combinations on each side. They demonstrated
that the water vapor permeability of the fabric depends on its
porosity, while water transfer from the inner to the outer layer
is closely related to the water absorption properties of the
fibers in the two layers and the difference in their absorption
levels. More water can be transferred from the inner to the
outer layer by capillary action, using absorbent fibers for the
outer layer and hydrophobic fibers for the inner layer.

In another study, Bivainyte and Mikucioniene [20, 21]
examined the effects of fabric structure, fiber type, and yarn
features on the air permeability, water vapor permeability, and
thermal properties of double-layered knitted fabrics. Their
findings indicated that for fabrics with the same pattern, air
permeability depends on the loop length, while for fabrics with
different patterns, it can be predicted by the area linear filling
rate. Moreover, the water vapor permeability of these fabrics
is primarily influenced by the fiber type and its wetting and
wicking properties. Fabrics knitted in combined patterns were
found to have higher thermal resistance than plain-plated
fabrics due to the increased thickness of combined structures.
Furthermore, increasing the loop length of the fabric leads to
an increase in the thermal conductivity coefficient.
Consequently, knitted garments with low wale and course
density provide a cooler sensation.

Achour et al. [22] studied the effect of fabric structure and
yarn type on the moisture management properties of knitted
fabrics. They examined the wetting and transport
characteristics of single jersey, Rib 1x1, and English Rib
fabrics made from cotton and blended cotton/polyester yarns.
The results showed that blending polyester into the yarn
improved moisture transport performance. Among the knit
structures considered, the English rib knitted fabric
demonstrated the best moisture transport performance.
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Knight et al. [23] investigated the comfort properties of
plain jersey and 1x1 rib fabrics produced from cotton-nylon,
cotton-polyester, and cotton-acrylic blends in various
proportions. They observed that water vapor passes through
single layers of plain jersey fabric faster than through
equivalent rib fabrics. Additionally, significant increases in
water vapor transmission and air permeability were noted as
the synthetic fiber content in the blend increased. Conversely,
moisture regain, moisture absorption, and shrinkage decreased
as the proportion of synthetic fibers increased.

Oglakcioglu and Marmarali [24] examined the thermal
comfort of weft-knitted fabrics with a focus on fabric structure.
Their findings revealed that single jersey fabric exhibited
significantly lower thermal resistance and higher water vapor
permeability compared to rib and interlock fabrics. Interlock
fabrics, on the other hand, showed higher thermal resistance
and lower water vapor permeability than rib fabrics. They
concluded that double jersey fabrics are a suitable choice for
winter clothing due to their high thermal insulation properties,
while single jersey fabrics are preferable for summer garments
owing to their superior moisture management.

The rib structure is one of the fundamental weft-knitted
patterns from which various derivatives can be developed by
combining knit, tuck, and float stitches. These modifications
are primarily used for design purposes and to enhance certain
dimensional and physical properties of knitted fabrics. The
knitting pattern is a key structural parameter that significantly
influences the physical and mechanical characteristics of the
fabric. This study aims to investigate the impact of the number
and position of tuck stitches within the knit pattern on the
comfort properties of rib weft-knitted fabrics, aiming to
determine how fabric comfort is affected by its structural
features.

2
2-1

Rib fabrics with seven different knit patterns were
fabricated on a 7-gauge STOLL CMS T330 computerized flat
knitting machine. The fabrics consist of knit and tuck stitches
and differ in the number of tuck stitches on successive courses.
They produced using 30/3 metric cotton yarn under constant
knitting conditions (cam setting, yarn input tension, and fabric
take-down). After production, the fabrics were relaxed on a flat
surface for 48h at 20° C and 65% relative humidity (RH). The
fabric structures are illustrated in Table 1. In the fabric code,
the number represents the number of tuck stitches in the knit
repeat. Besides, the first and the two last fabric structures are
Rib (R), Half Cardigan (HC), and Full Cardigan (FC),
respectively. Samples R1 to R4 differ in the number of tuck
stitches on successive courses, while Half Cardigan (HC), and
Full Cardigan (FC) differ in both the number and position of
tuck stitches. In Half Cardigan, the tuck stitches are on one
side of the fabric, while in Full Cardigan the tuck stitches exist
on both sides of the fabric.

MATERIALS AND METHODS
Fabric production
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Table 1 Fabric structures

Fabric

code R1

HC FC

Knit

repeat

Front
side

view

Back i _ }

i i (M
side k ,.{
view ) e
R

¢ K4

%

2-2  Structural evaluation of the fabrics

2-2-1  Density

Due to the complex knit structure of the fabrics, the number
of unit cells per unit length (C,, PC) and the number of unit cells
per unit width (W,PC) of the fabrics were counted. By
multiplying these values by the number of courses and wales
in the knit repeat, respectively (Table 1), the number of courses
per centimeter (c.p.c) and the number of wales per centimeter
(w.p.c) were obtained as follows:

Total number of courses

&P T e abric length(cm) Q)
=C,PC X Number of courses in the knit repeat
Total number of wales
w.p.c = I
Fabric width(cm) 2

= W,PC X Number of wales in the knit repeat

These measurements were done at five different points of
the fabrics at dimensions of 10x10 cm?, and the average values
are reported in Table 2.

2-2-2  Mass per unit area

According to ASTM D 3776 [25] standard test method, to
measure the mass per unit area of the fabrics, from each fabric
structure, four samples with a size of 10 x 10 cm? were
weighted. By dividing the weight by the area of the sample,
the mass per unit area of the fabric was calculated. The average
results are presented in Table 2.

2-2-3  Thickness

The thickness of the fabrics was measured using the Shirley
digital thickness tester based on ASTM D 1777-96 [26]
standard test method. This measurement was done at ten
different points of each fabric structure, under the pressure of
20 g.cm-2. The average results are shown in Table 2.

Table 2 Structural features of the fabrics

Fabric CPC CPC WPC WPC Mass per u_nit area Thickness Tuck stitches in the knit
code (g.m?) (mm) repeat (%)
R 59 59 4.33 4.33 497 2.64 0
R1 354 708 1.77 3.54 474 3.01 12.5
R2 275  8.26 1.57 3.14 478 3.02 16.7
R3 216  8.66 1.57 3.14 498 3.22 18.8
R4 196 9.84 1.57 3.14 511 3.39 20
HM 472 472 2.75 2.75 494 3.35 25
FM 511 511 2.36 2.36 472 3.29 50
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2-3

Some of the physical properties of the fabrics such as air
permeability, water vapor permeability, and thermal
conductivity as well as compressibility have been measured to
evaluate the fabrics’ comfort.

Evaluation of comfort properties

2-3-1  Air permeability

The air permeability test was done on a Shirley SDL-type
air permeability tester based on ASTM D737 [27] standard test
method. The test was performed under a water pressure
difference of 25 Pa. From each fabric structure, ten specimens
were tested and the average value was reported.

2-3-2  Water vapor permeability

The water vapor permeability (WVP) test was conducted
using the cup method according to BS 7209 [28] at standard
conditions (20+2 °C and relative humidity of 65+5%). From
each fabric structure, four specimens were tested and the
average result was recorded. By measuring the weight of the
samples before and after the test (5 hours), the WVP was
calculated according to the following equation:

WVP(kgm=2h~1) = M 3

At
Where M is a loss in mass (kg), t is the time between
weighing (h) and A is the internal area of the cup (m2).

2-3-3  Thermal conductivity

The thermal conductivity of the fabrics was measured
according to BS-4745 [29] standard test method using the two
plates method. From each fabric structure, three specimens
were tested and the average thermal conductivity(W.m-1.K-1)
was calculated.

2-3-4  Compressional properties

The compressional properties of the fabrics were
investigated by measuring the thickness of the fabric at various
pressures (20, 50, 100, 200, 500, 1000, 1500, and 2000 g.cm-
2) using a Shirley digital thickness tester. The first thickness
recording was done after 30 s under the pressure of 20 g cm-2.
The pressure was increased successively, and the
corresponding thickness was registered. The first recovery
recording was done by removing the pressure of 2000 g.cm-2
and allowing the fabric sample to recover for 30 seconds. The
succeeding recovery readings were taken using the same
method. For each fabric sample, ten tests were done and the
compression and recovery readings were recorded. Finally, the
average compression and recovery curves of the fabric were
plotted. To evaluate the compressional properties of the
fabrics, parameters such as the work of compression (area
under compression curve (WC)), the work of recovery from
compression (area under compression recovery curve (W'C)),
the dissipated compression energy (E,,), the resilience of the
fabric (RC), the relative compressibility (EMC), thickness
change (AT), and the thickness recovery (TR) which was
introduced by Kawabata [30] has been calculated as follows:

Tin T
wce = f PcdV = f Pc dt, (4)
Toc Toc
Tor Tor
w'c = f PrPrdV = f Pr Pr dt, (5)
T T
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En=WC—-W'C (6)
C
= 7

RC = 77= % 100 (M
T

EMC = (1 -=2) % 100 (8)
TOC

AT = Tye — Ty )

T,
TR = =2 x 100 (10)

TOc

In the above equations, suffixes ¢ and r represent the
compression and recovery state, respectively. P is the pressure,
and T is the fabric thickness. TOc is the initial thickness of the
fabric under the pressure of 20 g.cm-2, Tm is the thickness of
the fabric under the pressure of 2000 g.cm-2, and TOr is the
thickness of the fabric at the end of the compression recovery
cycle.

2-4  Quality analysis

In the present research, quality means the quality of clothing
fabrics in terms of comfort. In other words, quality is the
degree to which the produced weft knitted fabrics satisfy better
comfort performance. The quality of investigated fabrics was
evaluated based on the results obtained for the fabrics'
compression, and comfort. To this end, the complex criterion
of fabrics’ quality (Qk) was established and calculated using
the following equation [31]:

6
1 1 1 1 1 1
Tttt a—tr—t
QEMC QTR QRC QAP QWP QTC

where: n; is the total number of investigated characteristics,
Qi is the dimensionless indicator of fabrics’ quality expressed
through the value of the investigated characteristic (Qemc—
relative compressibility, Qtr — thickness recovery, Qrc—
resilience, Qap — air permeability, Qwr — water vapor
permeability, Qrc — thermal conductivity). The dimensionless
indicator of fabrics’ quality (Qi) was calculated as follows:

Xp

_ o1 (11)

QK n l
=1Q;

Q; X (for X > Xp)
or (12)

=X X < Xp)

Ql - XD (fOT < D

where Xp is the die value, and X is the average value of the
measured characteristic. In the case of lack of die value, the
minimal or maximal value of the tested characteristic, which
means the best quality of the fabric, was used. In this research,
the maximal value of all characteristics served as the die value.
The fabric grading was done as follows:

When Q is in the interval 0.76-1.00, the fabric quality is
excellent, when Q is in the interval 0.51-0.75, the fabric
quality is good, when Qx is in the interval 0.26-0.50, the fabric
quality is satisfying and when Qx is in the interval 0.00-0.25,
the fabric quality is poor.

2-5

To consider the effect of fabric structure on different fabric
properties, the results were statistically analyzed by one-way
analysis of variance (ANOVA) at a 95% significance level

Statistical Analysis
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followed by Duncan's post-hoc tests, using SPSS software. A
statistically significant difference was reported if p < 0.05.

3
3-1

The air permeability of the fabrics is shown in Fig. 1. As
seen, the Rib fabric (sample R) demonstrates the lowest air
permeability compared to fabrics containing tuck stitches. This
can be attributed to the fact that in fabrics containing tuck
stitches, the held loops rob yarn from adjacent knitted loops.
As aresult, holes are created in the fabric structure in the place
of held loops (Fig. 2). By increasing the number of tuck
stitches from sample R1 to R4, the air permeability of the
fabrics decreases. The reason is that tuck loops reduce the
fabric length because the higher yarn tension on the held loops
causes them to rob yarn from adjacent knitted loops, making
them smaller (Fig. 2) [32]. Hence, increasing the number of
tuck stitches leads to a higher yarn rob and smaller loop length.
In other words, the coarse density of the fabric increases (Table
2), which in turn reduces the porosity of the fabric, and
subsequently its air permeability. Due to the same reason, Full
Cardigan (FC) and Half Cardigan (HC) structures have higher
air permeability than rib fabric. In addition, Half Cardigan
exhibits lower air permeability than Full Cardigan. In the Half
Cardigan structure, in which tuck stitches exist on one side of
the fabric, yarn is robbed from the stitches on the other side of
the fabric. Consequently, the stitches on this side are smaller,
which leads to higher stitch density and weight of the fabric
compared to Full Cardigan (Table 2). Therefore, due to lower
porosity, Half Cardigan has lower air permeability than Full
Cardigan. Statistical results confirmed that fabric structure has
a significant effect on the air permeability of the fabrics (P

Value=0).
55
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RESULTS AND DISCUSSIONS
Air permeability

70

=]
o

3]
(=]

41.8

| 35.9
R2 R3

B
=}

30.2

R4

w
(=]

]
(=]

[y

Air permeability {mililiter.s?)
(=]

(=]

44.7
24.3
R R1

Fig. 1 The effect of fabric structure on the air permeability of
the fabrics

Tuck loop.

Held loop

Fig. 2 Schematic of tuck stitch in a rib-knitted fabric
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3-2  Water vapor permeability

The passage of water vapor from the fabric takes place
through two mechanisms: one is through the fabric pores, and
the other is through absorption by the fabric's structure and
evaporation from the fabric’s surface [33, 34].

Fig. 3 demonstrates the water vapor permeability of the
fabrics. Although by increasing the number of tuck stitches
from sample R1 to R4, the water vapor permeability of the
fabrics decreases slightly, and Half Cardigan has a rather lower
water vapor permeability than Full Cardigan, statistical results
revealed that fabric structure has no significant effect on the
water vapor permeability of the fabrics (P Value=0.44).

140
114.86
120 110.03 111.83
£ 108.56 1006 103.5 104.33
T 100
E —~
T 80
2 N
8 £ 60
]
=
5 40
]
= 20
0
R R1 R2 R3 R4 HC FC

Fig. 3 The effect of fabric structure on the water vapor
permeability of the fabrics

3-3  Thermal conductivity

The thermal conductivity of the fabrics is illustrated in Fig.
4. The Rib fabric has the highest thermal conductivity and by
increasing the number of tuck stitches from sample R1 to R4,
the thermal conductivity of the fabrics decreases. This is
because the tuck stitches make the fabric bulky and puffy.
Therefore, air entraps in the fabric structure, and leads to lower
thermal conductivity of the fabric. Furthermore, Half Cardigan
has higher thermal conductivity than Full Cardigan, which is
due to the lower porosity of the Half Cardigan structure as
mentioned previously. Statistical results showed that fabric
structure has a significant influence on the thermal resistance
of the fabrics (Pvaiwe=0).

0.1317
0.087 0.0893
0.977
‘ 0.i84 O'isg O-i%
R R1 R2 R3 R4 HC FC
Fig. 4 The effect of fabric structure on the thermal conductivity
of the fabrics

0.16

k)

x (.14

ml

: 0.12

ductivity [w.

]

3-4 Compressional characteristics

The compression and recovery curves of different fabric
structures were plotted. Typical compression and recovery
curves of sample R1 are demonstrated in Fig. 5, and the
average compressional parameters of the fabrics are presented
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in Table 3. The influence of fabric structure on the
compressional parameters of the fabric has been discussed in
the following.

2500
&
£ 2000
u
2 1s00 .
c — Compression
2
g 1000 Compression
o recovery
E 500
()

0

0 2

Thickness (mm)

Fig. 5 Compression and recovery curves of sample R1
3-5

Fig. 6 displays the influence of fabric structure on the
absorbed energy (WC) by the fabric. As seen, the use of tuck
stitches in the fabric structure increases the energy absorbed
by the fabric, and by increasing the number of tuck stitches
from sample R1 to R4, the amount of absorbed energy
increases. As explained previously, the tuck stitch enhances
the density and weight of the fabric. Consequently, the fabric
resists more against compression and more energy is needed
to compress the fabric. Similarly, the energy absorption of the
Half Cardigan is greater than the Full Cardigan due to its
heavier and tighter structure. Statistical results showed that
fabric structure has an outstanding effect on the absorbed
energy by the fabrics (P Value=0).

Energy absorption

1000
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401

7796 7753 °084 793.9
719.7 €96.0
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6 The influence of fabric structure on the energy absorption
of the fabric

=

0
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104

0

Energy absorption [cN.mm.cm™)
o

0
]

F

g.

3-6

Dissipated compression energy (E,,) represents the
difference between work of compression and work of recovery
from compression. Fig. 7 illustrates the dissipated
compression energy of the produced fabrics. The Rib fabric
has the lowest dissipated compression energy, and this value
has been increased by increasing the number of tuck stitches
from sample R1 to R4. Considering Table 3, by increasing the
number of tuck stitches, the values of WC increase while no
significant change in the values of W'C is observed. Therefore,
their difference increases as well.

Besides, both values of WC and W'C for the Full Cardigan
structure are less than those of the Half Cardigan structure, but
due to a higher decrement of WC compared to W'C, the
dissipated compression energy of the Full Cardigan is less than
that of Half Cardigan. Based on the statistical results the
difference between the dissipated compression energy of
various fabrics was meaningful (P Value=0).

Dissipated compression energy

700
% 596.8
£ 600
g 5208 5241 i 545.7
g 487.6
c 500 4499
S8 &
W
§ 5§ a00
o £
E E 300
o=z
- 5
3~ 200
m
2
Z 100
2

0

R RL  R2 R3 R4 H FC

Fig. 7 The influence of fabric structure on the dissipated
compression energy of the fabric

3-7

Resilience is the ability of a material to return to its original
form and shape after deformation. According to Fig. 8, the Rib
fabric has the highest resilience, and by increasing the number
of tuck stitches from sample R1 to R4 the resilience of the
fabric decreases. As explained previously, by increasing the
number of tuck stitches in the fabric structure, the value of WC
increases which leads to a decrease in fabric resiliency.
Furthermore, the Full Cardigan exhibits lower resilience than
the Half Cardigan due to lower WC. Statistical results revealed
that the effect of fabric structure on the fabric’s resiliency is
significant (Pvalue=0).

Resilience

Table 3 Compression parameters of the spacer fabrics

Fabric wc w'c E.. RC EMC AT TR
code (cN.mm.cm-?) (cN.mm.cm-?) (cN.mm.cm??) (%) (%) (mm) (%)
R 719.7 269.8 449.9 37.5 61 1.61 75.7
R1 779.6 258.8 520.8 33.2 67.1 2.02 67.8
R2 775.3 251.3 524.1 32.4 68.1 2.06 66.2
R3 808.4 257.2 551.2 31.8 68.6 2.2 64.7
R4 858.5 261.6 596.8 30.5 69.1 2.34 62.9
HC 793.9 248.2 545.7 31.3 71.1 2.38 61.2
FC 696 208.5 487.6 29.9 75.1 247 51.7
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Fig. 8 The effect of fabric structure on the resilience of the
fabric

3-8

The relative compressibility of the fabrics is shown in Fig.
9. As seen, Rib fabric has the lowest relative compressibility
among the considered fabrics, and by increasing the number of
tuck stitches from sample R1 to R4 the relative compressibility
of the fabric increases. As mentioned previously, the use of
tuck stitches in the fabric structure increases the thickness of
the fabric and makes it bulky. Consequently, the thickness
change of the fabric increases which leads to more relative
compressibility. Also, the Full Cardigan exhibits more relative
compressibility than the Half Cardigan due to its higher
thickness change. Statistical results confirmed the significant
influence of fabric structure on the relative compressibility of
the fabrics (Pvalue=0).

90

Relative compressibility

o
=]

67.11 68.07 68.61 69.12 71.05
61/00

R

Fig. 9 The effect of fabric structure on the relative
compressibility of the fabric

=)
=]

Relative compressibility (%)

3-9  Thickness change

The effect of fabric structure on the thickness change of the
fabrics is demonstrated in Fig. 10. Rib fabric has the lowest
thickness change, and by increasing the number of tuck
stitches from sample R1 to R4 the thickness change of the
fabric increases. Also, the thickness change of the Full
Cardigan is more than Half Cardigan. It is attributed to the
increment of the fabric bulkiness as an increase of tuck stitches
in the fabric structure. According to statistical results, the
influence of fabric structure on the thickness change of the
fabrics was significant (Pvalue=0).
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Fig. 10 The effect of fabric structure on the thickness change of
the fabric

3-10 Thickness recovery

Thickness recovery represents the percentage of fabric
thickness that recovers after eliminating compressional force.
The influence of fabric structure on the thickness recovery of
the fabric is shown in Fig. 11. Rib fabric has the highest
thickness recovery than other fabric structures, and by
increasing the number of tuck stitches from sample R1to R4 a
descending trend is observed in the thickness recovery of the
fabrics. Moreover, the Full Cardigan demonstrates less
thickness recovery than the Half Cardigan. There is an inverse
relationship between the thickness recovery and dissipated
energy of the fabrics. The less dissipated energy represents that
the values of work of compression and work of recovery from
compression are close to each other which means that the
fabric recovers more after release of compression. As observed
previously, the Rib fabric has the lowest dissipated
compression energy, and this value has been increased by
increasing the number of tuck stitches from sample R1 to R4.
Based on statistical results, the difference between the
thickness recovery of all samples was significant (Pvalue=0).
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% 70 67.8 662 a7 629 g1
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>
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-
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w
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Fig. 11 The effect of fabric structure on the thickness recovery
of the fabric

3-11 Quality of the fabrics

The dimensionless indicator of the quality of each fabric
structure as well as all of them together is illustrated in Fig. 12
using radar charts. As seen, fabrics exhibit different radar
charts. According to the results of dimensionless indicators,
the complex criterion of fabrics’ quality (Qx) was calculated
and is shown in Fig. 13. Except for samples R3 and R4 which
have good quality, all the considered fabrics have excellent
quality (Qx higher than 0.76) regarding the investigated
comfort characteristics.
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According to Table 2, by increasing the number of tuck
stitches in the fabric structure from sample R1 to R4, the
percentage of tuck stitches increases. Furthermore, the Full
Cardigan structure has the highest percentage of tuck stitches
among the considered fabric structures. The relation between
the percentage of tuck stitches and the complex criterion of
fabrics’ quality (Qx) is displayed in Fig. 14. This figure
confirms that fabric containing one tuck stitch in the pattern
repeat (R1) possesses the best quality, and by increasing the
percentage of tuck stitches in the structure of the fabric, the
fabric’s quality index decreases. Also, the Full Cardigan
structure containing tuck stitches on both sides of the fabric
exhibits inferior quality compared to the Rib, while the Half
Cardigan structure containing tuck stitches on one side of the
fabric shows almost similar quality as the Rib structure. In
other words, the number and position of tuck stitches within
the pattern repeatedly influence the quality of the fabric, and
the use of tuck stitches in the fabric structure in a controlled
way could lead to a better quality of the fabric from the point
of comfort properties.
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Fig. 14 The relation between the percentage of tuck stitches and
the complex criterion of fabrics’ quality (Qk)

4 CONCLUSIONS

In this research, rib weft-knitted fabrics with various knit
patterns differing in the number and position of tuck stitches
were produced, and the influence of fabric structure on the
comfort properties of the fabrics was studied. The results
indicate that incorporating tuck stitches in the fabric structure
enhances air permeability by 24% to 126%, while reducing
thermal conductivity by 32% to 56%. Furthermore, increasing
the number of tuck stitches in successive courses decreases air
permeability by 32% and reduces thermal conductivity by
24%.
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The Half Cardigan structure exhibits lower air permeability
(40%) but higher thermal conductivity (32%) compared to the
Full  Cardigan structure. Regarding compressional
characteristics, fabrics with tuck stitches absorb more energy
(from 3% to 19%) and show higher relative compressibility
(from 10% to 23%) and thickness change (from 25% to 53%).
However, these fabrics have lower resiliency (from 11% to
20%) and thickness recovery (from 10% to 32%). Increasing
the number of tuck stitches in successive courses enhances all
compressional features, except for resiliency and thickness
recovery.

The Half Cardigan structure demonstrates higher energy
absorption (12%), resiliency (4%), and thickness recovery
(15%) but lower relative compressibility (6%) and thickness
change (4%) compared to the Full Cardigan structure. Despite
all investigated fabric structures showing good to excellent
quality in terms of analyzed comfort properties, sample R1,
containing one tuck stitch in the pattern repeat, exhibited the
best overall quality among the considered fabrics (Qk=0.84).

The findings of this research could assist designers in
selecting an optimal combination of knit and tuck stitches in
fabric structures to achieve desirable comfort properties for
everyday use.
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