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ABSTRACT 

Innovations in fiber, yarn, and fabric structures are being implemented to enhance product properties. 

One of the methods preferred for this purpose is modifying the internal structure of the yarn by 

reducing the density of the yarns. This study investigates the effects of natural-based raw material and 

internal yarn structure on the properties of yarns and fabrics. Core-spun yarns were produced in a 

ring-spinning system to obtain loose structures for the design of sock fabrics. Environmentally 

friendly polymer-based soluble filament yarns were used instead of polyvinyl alcohol (PVA) as the 

core, in two different thicknesses, in order to obtain different internal yarn structure. Cotton, blends of 

bamboo/cotton and cotton/viscose fibers were used as the sheath material. Single jersey and terry 

fabrics, which are among the most preferred fabric structures in sock production, were produced using 

these yarns. After finishing processes, fabrics made from loosely structured yarns were obtained. The 

yarns’ and fabrics’ mechanical and permeability properties were measured. The knitting structure, 

raw material composition, and yarn structure significantly influence the properties of sock fabrics. 

Utilizing loose yarn structures enhances comfort characteristics without adversely affecting critical 

mechanical properties, such as bursting strength. Cotton fabrics have demonstrated better moisture 

management, air permeability, and bursting strength compared to regenerated cellulosic fiber-

containing fabrics, making them preferable for sock production. Incorporating loose yarns in terry 

structures, favored for their softness and moisture absorption in socks, has positively impacted the 

desired fabric performance. 
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1. INTRODUCTION 

In recent years, there have been significant advances in 

fiber, yarn, and fabric technology. A significant part of 

these developments aims to increase the comfort of 

clothing. Regarding comfort, issues such as liquid 

absorption and moisture management of fabrics have 

attracted the attention of many researchers. Heat and 

moisture transfer processes in porous textile structures have 

been extensively studied, with research focusing on various 

influencing factors. These include the moisture absorbency 

properties of fibers, as well as fabric thickness and porosity 

[1, 2]. The role of the twist of multifilament polyester yarn 

[3] and nylon/cotton core-spun yarns' properties [4] in 

capillary wicking behavior has also been explored. 

Investigations have addressed the impact of various cotton 

fiber types on water vapor transfer in knitted fabrics [5] and 

the moisture transfer properties of soybean fiber-cotton 

blend fabrics [6]. Studies on the assessment of the wicking 

performance of fabrics [7], moisture management 

characteristics in knitted fabrics [8-11], and the thermal and 

moisture transfer behavior of hollow yarns and micro-

porous yarn structures in knitted fabrics [12, 13] contribute 

to the literature.  

The most important properties required of socks are abrasion 

resistance, elasticity, dimensional stability, and thermal 

comfort 14. The quality of socks is influenced by many 

factors, such as raw materials, yarn properties, knitting 

conditions, and finishing process 15. Thermal properties 
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and sweat dissipation during wear are essential for the health 

and comfort of the user. The socks on the market are made 

from different raw materials such as cotton, viscose, bamboo, 

modal, polyester, acrylic, wool, and their blends. Some 

researchers studied the comfort properties of plain knitted, 

plaited, and terry-knit socks made from different yarn 

materials and yarn types 14-24. Khalil et al. investigated 

the optimization of sports compression socks’ characteristics 

for athletic applications 22. 

Pile fabrics, such as terry fabrics, have a higher water 

absorption capacity than other textile fabrics 23-25. The 

thickness of the fabric is the most critical parameter 

affecting comfort parameters such as air permeability and 

water vapor permeability 19, 26. As fabric thickness 

increases, the fabric's volume increases, affecting its 

porosity, an essential parameter for permeability. After wet 

finishing, the weight and thickness of the fabric increase, 

and the porosity decreases. Yarns and fabrics become more 

voluminous due to shrinkage and the fibers' crimped 

structure, so the fabric's thermal conductivity decreases due 

to the higher insulating property of the air gaps in the 

voluminous spaces.   

Similarly, the porosity in the yarn structure is as important 

as the porosity in the fabric structure. For this purpose, the 

hollow yarn structure is widely used in industry today, 

especially in producing towels as pile yarn. The preferred 

method for producing hollow yarns is core yarn spinning. 

Core yarns are produced by feeding a filament yarn onto 

the delivery roller of a modified ring spinning frame 27. 

Different yarn properties can be obtained by changing the 

production parameters such as material type, thickness, 

core-sheath ratio, yarn count, and twist properties 28, 29. 

In producing hollow yarns, a soluble filament yarn is used 

in the core part to improve the functional properties of the 

fabric 30, 31. Since hollow yarns are spun from staple 

sheath fibers, even if the core filament in the center is 

removed, a continuous hollow in the longitudinal direction, 

which occurs in filament hollow yarns, cannot be obtained. 

Rather, a porous yarn structure is obtained 8. 

The effects of twist coefficient, core material thickness, and 

core material tension on capillarity were studied, and higher 

capillarity was obtained with decreasing twist and yarn 

count (Ne) 8. Pourahmad and Johari investigated the 

effects of some spinning parameters, such as filament 

pretension, on the properties of the ring, Siro, and solo 

yarns with acrylic sheath and nylon core, which they had 

produced using different spinning methods 32. Ishtiaque 

et al. studied the effects of PVA ratio, yarn ply twist, 

spindle rotation speed, and their interactions on the 

properties of microporous yarns 33. 

Various production methods can produce hollow yarns. 

Merati and Okamura studied the production of hollow yarns 

using the friction spinning method 34-36. Ma and Xia 

investigated the properties of cotton-covered polyvinyl 

alcohol (PVA) core yarns with different twist directions 

produced by the core yarn method 37. PVA multifilament 

was used to produce core-spun, blended double pre-hollow 

yarns and knitted single jersey fabrics. They concluded that 

with a higher yarn packing coefficient, wicking in the 

hollow yarn fabrics increased while water absorption 

decreased 38. 

Many researchers investigated the effects of the hollowness 

ratio, the type of sheath material, and the yarn spinning 

method on plain knitted fabrics' mechanical and comfort 

properties 9, 39-42. The thermal comfort properties of 

knitted fabrics made from different hollow yarns were 

investigated 9. Woven fabrics from hollow cotton yarns 

spun with Kuralon K- II were produced and their thermal 

comfort properties were analyzed 43. Senthilkumar 

focused on the structural properties of knitted fabrics made 

from hollow cotton yarns and found them to have a lighter 

and looser structure with less spirality 44. Gungor 

Turkmen et al. studied the effects of hollow yarn type on 

the structure of woven fabrics 45, 46. 

The packing density of the yarn influences the yarn 

structure. Hollow yarns have lower yarn density and are 

more voluminous due to the removal of the core parts after 

washing, so the use of this type of yarn in fabric alters the 

comfort properties, especially air permeability, water vapor 

permeability, and wicking properties 38, 41, 47. Hollow 

yarns are particularly preferred in the production of terry 

fabrics. As mentioned, many studies on plain knitted fabrics 

with hollow yarns are in the literature. However, few 

studies were found on the mechanical and comfort 

properties of terry fabrics with hollow yarns. When 

reviewing the previous studies, it was found that the effects 

of different yarn types and fiber types on the comfort 

properties of plain knitted fabrics were mainly investigated 

in studies on the comfort properties of socks 14-21. Only 

Morgil investigated the comfort properties of terry knitted 

socks made from different raw materials 22. The effects of 

properties such as weft yarn count, weft density 48, pile 

height, and fiber type are primarily investigated in the 

studies on terry woven fabrics.  

The study aimed to enhance the comfort properties of 

knitted fabrics used in socks by utilizing a yarn structure 

characterized by loose and porosity. This loose structure 

increases breathability and reduces weight, increasing 

overall comfort. The innovative and environmentally 

friendly fiber used in the production of core-spun yarns and 

using loose and porous yarns in hosiery production are two 

main original aspects of this study. The ring spinning 

method was used to produce core-spun yarns with different 

sheath materials and core ratios. Two different fabric 

structures (terry and single jersey) were selected for sock 

fabrics. The effects of yarn properties on the performance 

of single jersey fabrics have been investigated in a previous 

study. However, in this study, a comprehensive and 

comparative analysis was performed with terry cloth 

besides single jersey fabric 18. In addition to the main 
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fabric properties, liquid absorption and moisture 

management properties were also investigated. 

Plain and terry knit fabric structures are preferred in the 

sock manufacturing industry; however, a significant gap in 

the literature regarding the influence of different fiber types 

and yarn densities on knitted terry socks' comfort and fabric 

characteristics. Hence, the study focuses on developing 

terry and single jersey socks with variable porous and loose 

yarn structures and fiber compositions to obtain comfort 

and performance characteristics. Unlike previous studies 

14-22, the effect of porous and loose yarn structure on the 

properties of terry-knitted socks was investigated. 

Additionally, single-jersey knit fabric structures were 

included to evaluate the impact of yarn structure on 

permeability properties across different fabric structures, 

enabling a comparative analysis of their performance 

relative to terry-knit fabrics. 

2. MATERIALS AND METHODS 

The influence of the raw material and the yarn compactness 

on the single jersey and terry fabric’s mechanical and 

comfort properties were investigated. 100% cotton, 50/50% 

viscose/cotton, and 70/30% regenerated bamboo/cotton 

rovings were used as the sheath, and soluble fully drafted 

filament (FDY) yarn was used as the core material (Table 

1). Polymer-based soluble filament, used in the core, was 

composed of modified polyethylene terephthalate-co-

polyethylene glycol (PET/PEG) copolymer. Since the 

properties of the fabrics are affected by different porous 

structures of the yarn caused by different ratios in the core 

material, the fineness of 56 dtex filament and 168 dtex 

filament was used as the core material. It was not possible 

to obtain the core filament in different thicknesses thus, it 

was preferred to fold it three times in order to provide 

varying amounts of void within the yarn. 

The cotton fibers used in the study have a fineness of 3.8 mic. 

and a mean length of 33.38 mm, while regenerated bamboo 

and viscose fibers have a length of 38 mm and a fineness of 

1.3 dtex. The blended sheath materials (50/50 viscose/cotton 

and 70/30 regenerated bamboo/cotton) were obtained by 

blending in the blowroom line and used as roving for the yarn 

production. The materials used in this study were selected 

from the fibers most preferred in sock production. These fibers 

were supplied in roving form from the industry, and it was not 

possible to obtain them in the same blend ratios. The yarns, 

produced using different core thicknesses and sheath fibers, 

were spun on the Pinter Merlin ring spinning machine at 7,000 

rpm using the ring core spinning method. The final yarn count 

(59 tex) was the same after the core material was removed. 

The yarn linear densities of raw core-spun yarns are given in 

Table 1. The draft ratio was set according to the sheath fiber 

amount. Thus, the amount of sheath fiber was the same for all 

samples, resulting in the same final yarn count, to enable a 

better comparison. 

Consequently, all yarns have the same yarn count after 

washing, but the fiber orientation and distribution in the 

yarn differ depending on the fineness of the core material 

used. According to Fig. 1, it can be seen that the core 

material has been removed after washing. After removing 

the core part by washing, the structure of the yarn using a 

3x56 dtex filament core will be looser than that of the yarn 

using a 56 dtex filament core. Yarns without a core will 

naturally exhibit a more compact structure after washing, as 

no voids form within them. However, in terminology, 

compact yarns are typically described as yarns with low 

hairiness. In this study, the term "compact yarn" refers not 

to the yarn's hairiness but to the closer arrangement of 

fibers within the structure. In the following sections, 

standard ring-spun yarns produced without using core 

material are named reference yarns.  

Single jersey fabrics in tubular form were produced on a 

labknitter (Mesdan Labknitter, 3.3/4 inch 140 needles). 

Terry socks are produced on a single-cylinder sock-knitting 

machine (Lonati, 3.3/4 inch 156 needles). Machine 

adjustments were kept the same during all productions. 

Single jersey and terry fabrics were knitted under the same 

conditions to study the effects of the produced yarns on the 

different fabric structures. The fabrics were hydrophilized, 

and the filament yarn was removed simultaneously to 

obtain a porous and loose structure. The knitted fabrics 

were washed with a 5 g/l NaOH solution at 100 °C for 1 

hour. Then, the filament in the core was removed by hot, 

warm, and cold rinsing, and instead of the hollow structure, 

a looser structure was obtained. The fabric samples were 

dried in daylight.  

All the yarn and fabric samples were conditioned for 24 

hours under standard laboratory conditions according to TS 

EN ISO 139. Performed yarn and fabric tests, test 

instruments, related standards, and the number of 

specimens and repetitions are given in Table 2. 

The values for yarn tenacity (cN/tex) and breaking 

elongation (%) of yarns after removal of the core parts were 

tested. The distance between jaws was set to 250 mm, the 

test speed was 250 mm/ min.  

Test samples were collected from 18 different types of 

knitted fabrics (5 specimens for each type), and the fabric 

weight, thickness (20 cm2, 200 g weight), air permeability 

(100 pascals, 20 cm2), and bursting strength values were 

measured [49].  
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Table 1. Sample codes and definition (C: Cotton, CV: Cotton/viscose, CB: Bamboo/cotton) 

Codes  Sheath Core Sheath / Core ratio Yarn linear density (tex) 

C0 

100% Cotton 

- 100/1 59 

C1 56 dtex FDY PET 91 / 9 64.7 

C2 3x56 dtex FDY PET 78 / 22 74.8 

CV0 

50/50 Cotton/ Viscose 

- 100/1 59 

CV1 56 dtex FDY PET 91 / 9 64.7 

CV2 3x56 dtex FDY PET 78 / 22 74.8 

CB0 

70/30 Bamboo/Cotton 

- 100/1 59 

CB1 56 dtex FDY PET 91 / 9 64.7 

CB2 3x56 dtex FDY PET 78 / 22 74.8 

Table 2. Yarn and fabric tests. 

 Test Test Instrument Test Standard Test repetitions 

Y
ar

n
 Breaking tenacity Lloyd Instrument ISO 2062 5x30 

Elongation at break Lloyd Instrument ISO 2062 5x30 

F
ab

ri
c 

Weight  EN 12127 5x5 

Thickness SDL Atlas M034A ISO 5084 5x10 

Air permeability  Textest Instruments/FX3300 ISO 9237 5x10 

Bursting strength Pneumatic ISO 13938-1 5x10 

Hydrophilicity Single jersey: Capillary rise Moisture 

management (MMT test) 

AATCC 197 AATCC 195 3 

 Terry fabrics: Penetration test TS 629 3 

 
 
 

 

 
 

 
 

The hydrophilicity properties of single jersey and terry 

fabrics were evaluated using different test methods due to 

different fabric construction. While the capillary rise of 

liquid (height) test was used for single jersey fabrics, 

measurements were made according to the penetration test 

for terry fabrics. Three samples (2 x 2 cm) were cut out 

from the terry fabrics. The test is performed by dropping 

the samples from a height of 5 cm into 10 cm of pure water 

in a beaker with a suitable diameter. This method is based 

on the immersion times (in seconds) to determine the water 

absorption properties. The stopwatch was started when the 

fabric surface touched the water. It was stopped when the 

fabric was completely immersed in the water. The value 

read is the immersion time for the sample. The average 

value of the immersion times for three samples of the same 

fabric is the sinking time. The shorter the sinking (soaking) 

time, the higher the hydrophilicity of the fabric.  

For the capillary rise of liquid (height) test used for single 

jersey fabrics, samples cut into 25x3 cm were immersed in 

a beaker of pure water (a yellow dye had been added). The 

capillary rise of the liquid (height) of the water was 

measured by a ruler at different periods (1 minute, 5 

minutes, 10 minutes, 20 minutes, 30 minutes, and 60 

minutes) [50]. On the other hand, the capillary rise test of 

the single jersey fabrics shows that all fabrics have the 

same capillary rise rapidly. Therefore, Moisture 

Management Tester (MMT-SDL Atlas) was used to test the 

moisture management properties of single jersey fabrics. 

This device dynamically measures the moisture 

management capacities of textiles. Moisture transmission 

with the device is determined by measuring the electrical 

resistance of the fabric. Two factors influence this value: 

the components of water applied to the fabric and the 

amount of water contained in the fabric. Since the first 

factor was kept constant in the tests, the logic of measuring 

the moisture transmission management of the device is to 

change the electrical resistance of the water ratio in the 

fabric and determine this change 3, 7, 51. MMT tests yield 

values such as wetting time, absorption rate, spreading rate, 

and OMMC. OMMC, Overall Moisture Management 

Capacity, is an index value used to understand the moisture 

transmission management of the fabric in general. A high 

value indicates a high moisture management capacity 3, 7. 

The fabrics’ porosity values were calculated according to 

Equation 1 [52]. 

ε (%)  ( )*100                                         (1) 

 

                                                       (2) 

In Equation 1 and Equation 2, ε is the total porosity (%); 

ρfabric is fabric density (g/cm3); ρfiber, is the fiber density 

(g/cm3); Mfabric is the fabric weight (g/cm2) and t is the fabric 

thickness (cm). The fiber densities for cotton, viscose, and 

bamboo were taken as 1.54, 1.52, and 1.32 g/cm3 

respectively. The average fiber density has been calculated 

based on their proportions in the mixture 53, 54. 

The impact of yarn type on fabric properties was examined 

through one-way analyses of variance.  
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Levene's test for homogeneity of variance was utilized to 

evaluate the essential ANOVA assumption that each 

independent variable group had its variance. This test was 

crucial in determining whether the variances of the groups 

were heterogeneous (leading to the Tamhane T2 post-hoc 

test) or homogeneous (resulting in the application of the 

Student-Newman-Keuls (SNK) multiple range test), 

guiding the selection of the appropriate post-hoc test. 

Further post-hoc tests were implemented to understand 

better the effects of different yarn structures (loose-

compact) on fabric structures and raw materials. 

Consequently, the results will be analyzed separately in the 

following section, as comparing different knitted fabric 

structures is deemed inappropriate [55]. 

3. RESULTS AND DISCUSSION 

Yarn test results 

The core material was removed to examine the yarn 

structure, and SEM images were taken in yarn form. After 

removing the core material, the yarn structure was no 

longer hollow. However, it became looser after washing, 

the gaps between the fibers increased, and the sheath fibers 

collapsed inwards (Fig. 1). In other words, the area emptied 

by the core material was not protected. However, it is 

partially covered by the migration of the surroundings. 

Since the core filament was removed after fabric 

production, the yarn diameter did not change significantly 

due to fabric shrinkage despite the viscose and bamboo 

fibers contracting during wet processing. However, the 

porosity within the internal structure of the yarn increased. 

Results for 100% cotton yarns [44], and viscose-based 

fabrics [53] were consistent with the literature. The 

shrinkage effect in cotton/viscose blended fabrics is not 

very noticeable due to the 50% cotton content. However, in 

70/30 bamboo/cotton blended fabrics, the higher bamboo 

content makes the impact of shrinkage more pronounced, 

regarding yarn structure.  

Depending on the filament structure of two different 

thicknesses (56 dtex and 3x56 dtex) used in the core part of 

the yarn, the two yarn structures have different yarn 

densities and inter-fiber air gaps. The images of SEM (Fig. 

1-b, 1-d, and 1-f) do not show a distinct hollow structure 

after washing, where the core yarn is no longer present, as 

the gap is partially closed by the surrounding fibers so that 

the yarn density has decreased as the fibers move to the 

center of the yarn. The yarn structures eventually became 

porous and loose compared to the ring yarn. 

Hollow yarns produced using the core-spun yarn production 

technique should be evaluated separately from hollow 

fibers since the circular void within the material is 

preserved in hollow fibers, whereas, in spun yarns, the 

circular void cannot be maintained due to internal stresses 

on the fibers caused by twisting and drawing processes. 

However, this results in the yarn having a looser structure. 

Yarn diameter measurements were taken for raw and 

washed yarns by using ImageJ software; the results are 

presented in Table 3. The data showed no statistically 

significant difference in the diameters of the raw yarns. 

After removing the core material, there was still no 

significant difference in the diameter measurements, except 

for the CB1 yarns, which had a larger diameter than the 

others, with a statistically significant difference (Table 3). 

In this study, when a 56 dtex filament was used in the core 

of cotton/viscose and bamboo/cotton yarns, the yarn 

diameter increased depending on the shrinkage ratio of the 

fibers. However, when the filament thickness increased to 

168 dtex, the amount of voids increased significantly, 

making this effect more dominant. As a result, the fibers 

rearranged, redistribution was occurred, thus reducing the 

impact of fiber shrinkage. 

The yarn tenacity and breaking elongation (%) were tested 
after removing the core component; the results are shown in 
Fig. 2.   

 

 

Fig. 1. SEM images of C2 yarns (a) before (b) after washing, CV2 yarns (c) before 
 (d) after washing, and CB2 yarns (e) before (f) after washing. 

Table 3. Yarn diameters (μm) calculated from SEM Images. 

 Cotton Cotton/ Viscose Bamboo/Cotton 

 C0 C1 C2 CV0 CV1 CV2 CB0 CB1 CB2 

Before 395.36 394.34 455.02 358.89 397.71 458.71 380.62 415.63 407.71 

After 377.67 373.90 419.65 339.27 408.94 368.45 368.27 457.15 342.33 

Sig.* p value: 0.464 p value: 0.082 p value: 0.000 

*Significant for   = 0.05. 
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Fig. 2. Breaking tenacity (a) and breaking elongation (b) of the yarns. 

 

 
 

 

 
 

 
 

 
 

According to the test results of tenacity and elongation at 
the break, the values decreased with looser yarn structures 
(Fig. 2), compared to reference yarns. Cotton yarns were 
found to have the highest values for tenacity and the lowest 
values for breaking elongation (%). In the error bar analysis 
(with a 95% confidence interval), the breaking strength 
values of the reference yarns produced from 100% cotton 
and cotton/viscose fibers were found to be statistically 
significantly higher compared to the core-spun yarns. 
However, no significant difference was observed between 
the values of the core-spun yarns.  When the elongation at 
break values of cotton and cotton/viscose yarns were 
examined, no significant differences were observed 
between them. These results are parallel with a previous 
study [39]. 

On the other hand, in bamboo/cotton yarns, the effect of 
yarn structure on tensile strength and elongation at break 
was not found to be statistically significant. 

Fabric test results 

Microscopic views of some knitted structures and test 
results for fabric weight, thickness, air permeability, 
bursting strength, and fabric porosity of terry and single 
jersey fabrics are given in Fig. 3, Fig. 4, and Fig 5 
respectively.  

 One-way ANOVA was applied to investigate the effects of 

different yarn structures (loose-compact) on the weight, 

thickness, strength, air permeability, and water absorbency 

of cotton, cotton/viscose, bamboo/cotton terry, and single 

jersey fabrics. The results of the analysis of variance are 

shown in Table 4. 

 
 

 

Fig. 3. The microscopic views of single jersey (a) before (b) after washing and terry fabrics  

(c) before (d) after washing. (Motic microscope, magnification x400) 

 

Table 4. The effect of different yarn structures on fabric properties (One-way ANOVA)  

 

Terry fabric Single-jersey fabric 

Cotton 

Cotton/ 

Viscose 

Bamboo/ 

Cotton- Cotton 

Cotton/ 

Viscose 

Bamboo/ 

Cotton- 

Sig.* Sig.* Sig.* Sig.* Sig.* Sig.* 

Weight g/m2 0.000* 0.001* 0.000* 0.000* 0.082 0.021* 

Air permeability 0.002* 0.023 0.000* 0.000* 0.000* 0.000* 

Bursting strength 0.291 0.349 0.238 0.000* 0.928 0.005* 

Thickness 0.000* 0.000* 0.005* 0.013* 0.591 0.000* 

Water absorption 0.018* 0.678 0.022*    

*Significant for   = 0.05. 
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Fig. 4. (a) Fabric weight, (b) thickness, (c) air permeability, and (d) bursting strength values of the samples. 

 

  

(a) (b) 

Fig. 5. The calculated fabric porosity (%) of terry (a) and single jersey (b) fabrics. 
 

 
 

 
 

 

 

Single Jersey Fabric Test Results 

Fabric weight. thickness. porosity. air permeability. and 

bursting strength 

For cotton and bamboo-cotton blend fabrics, the weight and 

thickness values of the fabrics with loose yarn structure are 

lower than the reference fabric (Fig. 4 a, b) and the 

difference between them is statistically significant (Table 

4). However, no statistically significant difference was 

observed for cotton-viscose fabrics. Similar results for 

single jersey fabric’s weight have been reported in the 

literature 10, 18. On the other hand, Celep and 

Yüksekkaya [38] reported that the thickness of 100% cotton 

reference fabric was lower than that of 100% cotton knitted 

fabrics with a loose yarn structure; whereas no significant 

differences were observed in fabric weight. This 

phenomenon is thought to be due to the difference in the 

migration tendencies of different fibers, after washing. 

The air permeability values of fabrics knitted with core-

spun yarns were higher than those of reference yarns, and 

the differences were statistically significant (Fig. 4-c). 
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Since the single jersey structure is much looser and has less 

fabric weight and thickness, air permeability values are 

higher than those of terry fabrics are.  In terry fabrics, yarn 

density per unit area is higher due to the presence of piles, 

which adversely affects air permeability. The effect of 

fabric construction is more dominant than fiber type and 

yarn structure on air permeability. 

The bursting strength values of the single jersey fabrics 

with reference yarns were the highest (Fig. 4-d). For cotton 

and bamboo/cotton fabrics, the bursting strength decreased 

with loose yarn structures. For the cotton/viscose fabrics, 

however, the effect of the yarn structure on the knitted 

fabric's bursting strength was insignificant.  

Among 100% cotton fabrics, as the compactness of yarn 

structure decreased by using core material, the porosity 

value of the fabric increased (Fig. 5). Porosity was 

decreased with regenerated cellulose fibers, compared to 

100% cotton fabrics. Among regenerated cellulosic fiber-

containing fabrics, the fabric weight and thickness 

decreased resulting in increasing air permeability and 

decreased porosity, due to using core-spun yarns. 

Wicking 

One crucial factor influencing physiological comfort is 

moisture/liquid transport in textiles. Materials that quickly 

transport moisture/liquid away from the skin's surface 

provide a better wearing experience by keeping the skin 

dry. The component yarns are responsible for most of the 

wicking 49 in capillary flow through textiles. 

Wicking is the spontaneous movement of fluids along 

textile fibers in textile products. It is the diffusion of a 

liquid from the area where it is dense to other areas. In 

yarns, the arrangement and orientation of the fibers affect 

the liquid transport properties of the yarns due to the 

continuity of the capillaries. For this reason, yarns with 

different intra-yarn porosities are thought to affect the 

wicking properties of fabrics. As mentioned previously, the 

wicking property of single jersey fabrics was investigated 

by the capillary rise test, but all fabrics rapidly have the 

same capillary rise. Therefore, for detailed analyses, MMT 

was used to test the moisture management properties of 

single jersey fabrics.   

Table 5 and Table 6 show the results of the moisture 

management test and statistical results for the single jersey 

fabrics, respectively. According to the single-jersey fabrics’ 

results, it was found that the difference between the values 

of the top absorption rate, the bottom absorption rate, and 

the bottom fabric spreading rate was statistically significant 

(Table 6).  

Absorption Rate (Top and Bottom) (%/s) refers to the rate 

at which liquid is absorbed by the top and bottom layers 

during the test. While the bottom spreading speed varied 

significantly among fabric groups, the top spreading speed 

did not show statistical significance. Cotton fabrics 

demonstrated better moisture management compared to 

fabrics made from bamboo and viscose, which retain more 

moisture due to their higher moisture regain capacities 53.  

 

Table 5. Moisture management properties of the fabrics regarding yarn property. 

  C0 C1 C2 CV0 CV1 CV2 CB0 CB1 CB2 

Wetting time top (sec) 4.38 3.16 3.48 4.59 3.61 3.58 3.24 3.77 3.64 

Wetting time bottom (sec) 4.47 3.51 3.85 5.10 3.88 4.01 3.56 3.61 3.84 

Top max wetted radius (mm) 13.33 18.33 15 13.33 15 15 10 15 15 

Bottom max wetted radius (mm) 15 18.33 15 13.33 15 15 13.33 15 15 

Top absorption rate (%/sec) 38.01 47.22 39.2 46.66 50.03 43.11 54.39 47.60 47.44 

Bottom absorption rate (%/sec) 40.93 48.42 40.14 31.78 39.32 40.86 39.35 39.31 39.96 

Top spreading speed (mm/sec) 2.09 3.28 2.81 2.18 2.58 2.55 2.68 2.54 2.55 

Bottom spreading speed (mm/sec) 2.17 3.11 2.69 1.98 2.46 2.34 2.49 2.48 2.41 

Accumulative one-way transport Index 

(AOTI) (%) 
86.39 49 42.49 -113.68 -45.81 29.23 -38.68 -0.61 -9.04 

OMMC* 0.34(P) 0.39(P) 0.33(P) 0.14(VP) 0.21(P) 0.29(P) 0.21 P) 0.26(P) 0.24(P) 

*For OMMC values: 0–0.2: very poor (VP). 0.2–0.4: poor (P). 0.4–0.6: good (G). 0.6–0.8: very good (VG). >0.8: excellent (E) (The 
AATCC Standard 195) 

 

Table 6. Analysis of variance of MMT test results. 

 Wetting time 

top 

Wetting time 

bottom 

Top absorption 

rate 

Bottom 

absorption rate 

Top spreading 

speed 

Bottom spreading 

speed 

p-value 0.459 0.343 0.00* 0.00* 0.17 0.07* 

*Significant for   = 0.05. 
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Fig. 6. OMMC values were obtained from MMT test results 

. 

The OMMC value calculated by the device represents the 

moisture-drying rate of the fabric, and these values were 

assessed according to the AATCC 195 Standard (Table 5) 

52. The total transport capacity increases with increasing 

OMMC value.  Cotton fabrics were found to have the best 

moisture management among all fabric types in parallel 

with the literature 56. The total moisture management 

value (OMMC) first increased slightly for the knitted with 

C1 yarn compared to reference cotton fabric. However, the 

OMMC value of the fabric knitted using C2 yarn is lower 

than that with C1 yarn. Since the fabric knitted with C2 

yarn has a looser yarn structure, the fabric has a lower 

weight and slightly increased thickness value.  

Fabrics made from cotton/viscose and bamboo/cotton 

exhibited poorer moisture management, particularly the 

cotton/viscose blend. In cotton/viscose and bamboo/cotton 

fabrics, it can also be observed that the porous and looser 

yarn structure improves moisture management (Fig. 6). At 

this point, not only the fabric structure is effective, but also 

the structure within the yarns in fabric and within the fibers 

in the yarn is an important factor. It has been stated that the 

total porosity of the fabric consists of three components: 

intra-fiber porosity, intra-yarn porosity, which covers the 

space between the fibers in the yarn, and inter-yarn 

porosity, which includes the empty volume created by the 

different intersections of the yarns in the fabric [52]. In 

other words, while 100% cotton fabrics are absorbent and 

conductive, viscose and bamboo content fabrics are less 

likely to transfer moisture to the reverse side.  

Cotton fabrics also possessed significantly higher AOTI 

values, indicating their ability to transfer moisture 

efficiently. The AOTI value indicates that the fabric can 

easily and quickly transfer liquids from the outer surface to 

the inside 10.  In contrast, viscose and bamboo fabrics 

retained moisture, resulting in a damp feeling. Excessive 

moisture absorption can also be problematic, as a material 

that absorbs more moisture may result in stickiness and 

dampness due to reduced moisture distribution across the 

fabric surface. This could explain why the OMMC of 

cellulosic fiber-containing fabrics is relatively lower than 

that of cotton fabrics 56. These findings suggest that, 

despite the popularity of cellulosic fibers, 100% cotton 

socks may provide superior comfort in moisture 

management. 

Terry Fabric Test Results 

Fabric weight. thickness. porosity. air permeability. and 

bursting strength 

For cotton and cotton/viscose terry fabrics, the weight of 

fabrics made with core-spun yarns was statistically 

significantly lower than that of fabrics made with reference 

ring yarns. For both cotton and cotton/viscose terry fabrics, 

the weight of fabrics knitted with core-spun yarns 

decreased after washing. However, this trend did not hold 

for bamboo/cotton fabrics. Notably, the highest weight 

values for bamboo/cotton terry fabrics were observed in 

fabrics knitted with CB2 yarn, in contrast to single jersey 

fabrics. The greater the distance between the fibers in the 

yarn, the more the fibers migrated towards the center, 

resulting in a looser yarn structure after the filament was 

removed by washing. These findings are likely related to 

the high bamboo content in bamboo/cotton fabrics 

compared to other fabric types. Bamboo fibers exhibit 

greater shrinkage after washing compared to cotton fibers 

due to their higher moisture absorption capacity [57. 58]. 

As bamboo fibers have a higher shrinkage ratio, this effect 

became more pronounced as the amount of bamboo in the 

structure increased. Consequently, the loose yarn structure 

used in the pile of bamboo/cotton fabrics experiences more 

shrinkage after washing than that of cotton and 

cotton/viscose fabrics. 

Among the terry fabrics, the thickness of terry fabrics with 

reference yarns was the lowest in contrast to single jersey 

fabrics. It was found that the difference between fabrics 

knitted with core-spun yarns and reference yarns was 

statistically significant. The thickness of terry fabrics 

increases with looser yarn structures, except for 

cotton/viscose fabrics. The difference in thickness of 

cotton/viscose fabrics knitted with core-spun yarns was not 

statistically significant. When looser yarns were used for 

the pile of terry fabrics, the thickness of the fabric increased 

slightly due to the less compact structure compared to 

fabrics made with reference yarns. 

In cotton fabrics, porosity significantly increases using C1 

and C2 yarns (Fig. a). While cotton-viscose fabrics show a 

slight porosity increase compared to the reference fabric, 

bamboo-cotton fabrics exhibit no change. This behavior is 

attributed to the shrinkage characteristics of regenerated 

cellulose fibers after washing, as previously discussed. 

Air permeability analysis revealed that fabrics made with 

reference yarns generally exhibited the lowest values, 
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except for cotton/viscose terry fabrics, where yarn structure 

showed no statistically significant effect on air 

permeability. Microscope images of washed cotton/viscose 

fabrics indicated similar structural appearances. In contrast, 

cotton terry fabrics produced with core-spun yarns 

demonstrated significantly higher air permeability than 

those with reference yarns, attributed to the looser structure 

resulting from removing core filaments. Variations in core 

ratio were not statistically significant (Table 7). The 

enhanced air permeability is likely due to the looser yarn 

structure and fiber migration during washing, increasing air 

gaps within the fabric (Fig. 4). Cotton fabrics have higher 

air permeability values than others. The behavior of single 

jersey and terry fabrics varied depending on the 

composition of the sheath material. The behavior of single 

jersey and terry fabrics varied based on the composition of 

the sheath material. 

There is no statistically significant difference between the 

bursting strength values for all terry fabrics knitted with 

different raw materials. Therefore, it can be concluded from 

the test results that the porous, and looser structure of the 

terry fabric has no negative influence on the bursting 

strength of the fabrics. 

Hydrophilicity 

 

Fig. 7. Hydrophilicity test results for terry fabrics (second). 

Figure 7 illustrates the average immersion (sinking) times 

of samples, reflecting fabric hydrophilicity. For 100% 

cotton fabrics, decreasing yarn compactness increased 

fabric porosity, leading to higher air permeability and 

hydrophilicity (water absorbency) values (Fig. 7). When 

regenerated cellulose fibers were incorporated into the yarn 

structure, different trends were observed with the influence 

of the fabric knitting structure. When 50/50 cotton/viscose 

was used in pile yarns in terry fabrics, a slight decrease in 

hydrophilicity value was observed, although porosity 

slightly increased and weight decreased for looser yarn 

structures used. As the proportion of regenerated cellulosic 

fibers increased in the yarn, fabric weight and thickness 

increased slightly due to the looser yarn structure in the 

pile, while air permeability and hydrophilicity increased.  

Hydrophilicity analysis revealed all terry fabrics (cotton 

and bamboo/cotton) to be hydrophilic, with the highest 

values observed in fabrics made from highly porous yarns 

(Fig. 6). Statistical analysis (SNK test) confirmed 

significant differences in hydrophilicity between fabrics 

with reference yarns and those with more open structures 

core-spun yarns (more loose and slack). However, no 

significant differences were found between reference yarn 

fabrics and those using C1 and CB1 yarns. 

5. Conclusions 

The study aims to design yarns and fabrics for sock 

production using yarns with different yarn structures (loose-

compact). For this purpose, yarns with different core/sheath 

ratios were produced with various sheath materials such as 

cotton, cotton/viscose, and bamboo/cotton. While PVA 

yarn was used in previous studies, an environmentally 

friendly water-soluble fiber was used as the core material in 

this study. The thickness of the core material was changed 

to obtain a different yarn structure. The yarns used in the 

production of socks are spun into hollow yarn using the 

core yarn production technique. However, as can be seen in 

the SEM images (Figure 1), after removing the core 

material, the emptied area was closed due to the migration 

of the surrounding fibers. Instead of the hollow yarn 

structure, yarns with different yarn structures (loose-

compact) were obtained. The performance characteristics of 

these yarns in single jersey and terry structures were 

investigated. In addition, the weight, thickness, air 

permeability, bursting strength, and water absorption 

properties of the fabrics were measured, as these are the 

primary expected performance parameters for socks. The 

effects of loose yarn structure on fabric properties in terry 

and single-jersey fabric structures were found to be 

different. In addition, when different raw materials were 

used, the effect of loose-structured yarns on fabric 

properties showed different trends.  

 

Table 7. The effect of yarn structure on the air permeability of terry fabrics (SNK test- Subset for alpha = 0.05). 

 Subsets 

 Cotton Cotton/ viscose Bamboo/cotton 

 1 2 1 1 2 

Reference yarns 120.5  113 92.21  

C1/CV1/CB1  141.6 108.3 96.1  

C2/CV2/CB2  137.1 113  116.4 

Sign. (p-value) 1 0.422 0.295 0.216 1 
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This study highlights the interactions between yarn 

structure, fiber type, and fabric construction on key 

physical properties such as porosity, weight, thickness, air 

permeability, and bursting strength.  

 Removing the core material resulted in a looser, more 

open yarn structure with increased porosity. Sheath 

fibers collapsed inward, partially filling the void left by 

the core. 

 Looser yarn structures showed reduced tenacity and 

breaking elongation (%) compared to reference yarns. 

No significant differences were found between the 

elongation values of cotton and cotton/viscose yarns, 

which is consistent with previous studies. Yarn structure 

did not have a statistically significant effect on tensile 

strength or breaking elongation (%). 

 In 100% cotton single jersey fabrics, decreasing yarn 

compactness using core materials led to increased 

porosity. Fabrics with regenerated fibers exhibited 

lower porosity compared to 100% cotton fabrics. Using 

loose yarns reduced fabric weight and thickness, 

increasing air permeability and decreased porosity. 

 For cotton/viscose fabrics, yarn structure (loose or 

compact) did not significantly affect fabric weight, 

aligning with findings from previous studies. 

 Single jersey fabrics knitted with loose yarns exhibited 

higher air permeability than those with reference yarns, 

with statistically significant differences [20, 54]. 

 Single jersey fabrics made with reference yarns showed 

the highest bursting strength values. For cotton and 

bamboo/cotton fabrics, bursting strength decreased with 

looser yarn structures. 

 According to the results of the moisture management 

test, cotton single jersey fabrics exhibited the best 

moisture management properties, consistent with the 

literature. Cotton/viscose and bamboo/cotton fabrics 

had poorer moisture management, with standard ring 

cotton/viscose fabrics performing the worst. However, 

porous and looser yarn structures improved moisture 

management in blended fabrics, influenced by intra-

fiber, intra-yarn, and inter-yarn porosity. The effect of 

the raw material type on these values is more dominant 

than the yarn structure, viscose and bamboo fabrics lead 

to a wet and sticky sensation because of trapping 

moisture within their structure [55]. While cotton 

fabrics effectively absorb and transfer moisture, viscose 

and bamboo fabrics are less efficient because of trap the 

moisture within the structure. 

 Among terry fabrics. reference yarns resulted in the 

lowest thickness values, unlike single jersey fabrics. 

Looser yarns in terry fabric piles led to slightly 

increased thickness due to a less compact structure. 

 Fabrics made with reference yarns generally had the 

lowest air permeability values. Cotton terry fabrics with 

loose yarns exhibited higher air permeability, attributed 

to the looser yarn structure and repositioning of sheath 

fibers after washing. The degree of core ratio did not 

significantly affect air permeability. but the looser yarn 

structure increased air gaps, enhancing permeability. 

 Hydrophilicity analysis revealed terry fabrics (cotton 

and bamboo/cotton), decreasing pile yarn compactness 

increased fabric porosity, leading to higher air 

permeability and hydrophilicity (water absorbency) 

values. In parallel with the results of Uttam et al. 38, 

the pore diameter, which is responsible for capillarity. 

decreases with compact yarn structure and increases 

wicking performance. In yarn structures produced from 

staple fibers, pore size, pore size distribution, 

interconnection of these pores, and pore volume are the 

parameters that affect capillary liquid transmission 8. 

In conclusion; bamboo fibers, with their higher moisture 

absorption and shrinkage properties, significantly 

influenced the behavior of bamboo/cotton terry fabrics, 

particularly in terms of weight and thickness. Cotton fabrics 

generally demonstrated higher air permeability compared to 

other fabric types. Single jersey and terry fabrics showed 

distinct behavior depending on the yarn structure and 

sheath materials used. Despite the growing popularity of 

viscose and bamboo yarns for socks, this study found 100% 

cotton socks to be more comfortable for moisture transfer. 

For this reason, using looser yarns in both terry and single 

jersey fabric structures will improve the comfort properties 

of the product without adversely affecting its mechanical 

properties. 
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