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This paper examines the most important compressible properties of socks made from
different fibers in a plain jersey. These properties indirectly affect the parameters of
thermo-physiological comfort of socks during wear. Three yarns were used in the sock
composition; the first, a dominant yarn made from six different fibers, makes up 77%.
The other two yarns are made from nylon and wrapped elastic threads, accounting for
23%. The most compressible sock is made from cotton yarn, with the modal yarn sock
model being very close in performance. The highest linearity of compression,
compression energy, and compression resistance are found in socks made from
bamboo and modal yarns, with viscose yarn socks not falling far behind. Bamboo yarn
socks exhibit weaker elastic recovery compared to socks made from cotton-compact
yarn, which have better elastic characteristics. Out of the six combinations of raw
material compositions for socks and the examination of several compression properties,
sock models in plain jersey can be selected for specific purposes, such as medical,
home, or outdoor use.
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INTRODUCTION

Compressibility is a property of a material that describes its ability to change volume
under the influence of pressure. In physics and engineering, compressibility is
quantitatively expressed as the relative change in the material's volume per unit change
in pressure [1].

Understanding the compressibility of materials is crucial for accurately modeling and
predicting their behavior under different pressure conditions, which is essential in the
design and analysis of engineering systems [2].
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The compressibility of textiles refers to the ability of textile materials to reduce their
volume under the influence of external pressure and return to their original state once
the pressure is removed. Compressibility depends on several factors that determine how
the textile will behave under pressure: the type of fibers, the weave or knit structure,
material density, thickness, treatments and finishes, elasticity, and others [3, 4].

The compressibility of socks refers to the ability of the material from which the socks are
made to compress or adjust under pressure. This property is crucial for the functionality
of certain types of socks, particularly compression socks, which play a medical and
preventive role [5].

Socks made from elastic fibers, such as spandex, elastane, and nylon, have a greater
compression capability. The combination of these materials allows for even expansion
and return to their original shape, which is crucial for the proper application of pressure.
Thinner socks generally have lower compressibility and provide lighter pressure. Thicker
materials offer stronger compression but may be less comfortable to wear over longer
periods [6].

Quality socks have high resistance to permanent deformation, meaning they return to
their original shape and retain their properties over time. Medical socks have high
compressibility and precisely defined pressure levels to provide a therapeutic effect.
Sports socks focus on muscle support and reducing fatigue, with slightly lower
compressibility. Fashion socks usually have a lower degree of compressibility as they
are primarily aesthetic [7].

This paper explores the most important compressible properties of men’s socks in plain
jersey made from different yarns to determine which raw material composition of socks
is best suited to providing adequate comfort during wear.

MATERIALS AND METHODS

For the research and production of men's short socks, yarns made from fibers such as
bamboo, modal, viscose, cotton, cotton-compact, and a cotton/PES blend, 60/40%,
(77% dominant yarn) from the company Bimtex (Serbia), polyamide yarn (22%
participation), and rubber thread (1% participation) from the company Dunav Grocka
(Serbia) were used. Based on the given knitting parameters, all socks were knitted at
the local company Nikoplet in Leskovac. The socks were made in plain jersey in size 11
(42-43).
The examination of sock characteristics was conducted according to the relevant
standards and methods:
« Thickness, according to the EN ISO 5084 standard.
» Surface mass, according to the EN 12127 standard.
*  Volumetric mass was calculated based on the research paper [8].
» Porosity was calculated based on the research paper [9].
»  The compressibility properties of knitted fabrics under low loads were tested
on the KES-FB system (Kato Technical Co. Ltd., Japan). The testing
conditions for the compressive characteristics of the knitted fabrics involved
lateral compression of a 2 cm? surface tube at a speed of 50 s-mm™ within a
compression range of 0.5 cN-cm™to 50 cN-cm™[12, 13].
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Table 1 presents the results of the structural parameters of size 11 socks in plain jersey.
The thickness of the socks depends on the type of dominant yarn used. Since the socks
are made from yarns with similar properties, significant differences in knitting thickness
arise due to differences in the raw material composition. For socks in plain jersey, cotton
and modal socks, as the dominant yarn, have the greatest thickness.

The surface mass of the socks varies depending on the type of dominant yarn in the
structure. Socks knitted from bamboo-dominant yarn have the highest numerical value
for surface mass. This parameter combines essential structural parameters and is an
important economic factor [10].

The volumetric mass of the sock best reflects and defines the structural parameters of
the sock, as it represents the mass of the knit of a certain volume, which is directly related
to the thickness, type of knit, and surface mass of the knitted fabric. Volumetric mass
generally follows the surface mass and is the highest in cases where the surface mass
is also the highest [10].

Compactness - porosity of the knitted fabric represents the fill of the empty space
between the loops or the empty space within the loop itself. Good porosity is a result of
the structure of knitted products, as the yarn in the loops is arranged in a way that allows
a large amount of air to be present between the loops [11]. Generally, socks made from
cotton-dominant yarn have the highest percentage of porosity. Porosity depends on
thickness, with thinner socks usually having lower porosity and vice versa.

Table 1. Key parameters of men’s socks with different raw material compositions in plain jersey

Raw Material Composition of Thickness  Surface Mass Volumetric Mass Porosity

Socks (mm) (g-m?) (g-cm) (%)

Bamboo (BB), 30 tex

PA 6.6, 4.4/13x%2 tex 0.918 282.9 0.3082 79.7

Wrapped Rubber Yarn, 100 tex

Modal (MD), 30 tex

PA 6.6, 4.4/13x%2 tex 0.928 279.1 0.3007 80.2

Wrapped Rubber Yarn, 100 tex

Viscose (CV), 30 tex

PA 6.6, 4.4/13x2 tex 0.911 281.4 0.3089 79.7

Wrapped Rubber Yarn, 100 tex

Cotton (CO), 30 tex

PA 6.6, 4.4/13x2 tex 0.949 274.9 0.3003 80.6

Wrapped Rubber Yarn, 100 tex

Cotton-compact (COc), 30 tex

PA 6.6, 4.4/13%2 tex 0.892 275.6 0.3202 79.3
Wrapped Rubber Yarn, 100 tex

Cotton/Polyester (CO/PES), 30 tex

PA 6.6, 4.4/13%2 tex 0.893 267.4 0.2995 79.8
Wrapped Rubber Yarn, 100 tex

The relationship between thickness and compressive load is expressed by the following
equation [14]:

=7 (1)
where:

h — thickness of the knitted fabric (mm), k — proportionality constant,

Fx— compressive or surface force per unit area (cN).
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The compressibility of knitted fabrics is calculated using the formula [14]:

C="e2m. 100 2)

where:
ho — knitted fabric thickness under compressive load of 0.49 cN-cm™2 (mm),
hm — knitted fabric thickness under compressive load of 49.035 cN-cm~2 (mm).

The deformation work, Wc, represents the energy required for the compressive
deformation of the knitted structure and is calculated using the formula [11]:

ho

c= FrAh (3)

where:
Wec — deformation or compressive work per unit area of 1 cm? of the sample (cN-cm),
Fx — compressive force per unit area (cN),
Ah — change in the thickness of the knitted structure (mm),
ho — thickness under compressive load of 0.49 cN-cm™ (mm),
hm— thickness under compressive load of 49.035 cN-cm™ (mm).
3The linearity of the curve, LC, of compressive load and deformation Fk is calculated
using the formula [15,16]:

wcC

C=——= (4)
WoC
where:
WOC - deformation work in the case of linear deformation (cN-cm),
WC (J-m2) - compression energy.

The relaxation ability, RC, expresses the ratio between reversible and deformation
energy under compressive load, and is calculated using the formula [15,16]:
RC = 2100 (5)
wcC
where:
RC — relaxation ability (%),
WC' — recoverable or reversible energy per unit area (cN-cm).

RESULTS AND DISCUSSION

The results presented in Table 2 provide various values of important compressibility
parameters for socks made from different fiber compositions in plain jersey. The softest
(most compressible) sock is made from cotton-dominant yarn, very close to the model
of socks made from modal-dominant yarn (according to the results for parameter C). The
parameter C (%), on the other hand, represents the percentage comparison of the initial
thickness measurement with the measurement at maximum applied force; a higher value
indicates greater compressibility (softness).

The socks made from bamboo and modal-dominant yarn exhibit the highest linearity of
compression, compression energy, and resistance to compression. For the LC
parameter, values closer to one indicate firmer (stiffer) compressibility, while lower
values provide higher stretchability in the initial stage of stress, which enhances comfort
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during wear. A higher value of the WC parameter corresponds to greater compressibility,
meaning the textile product becomes softer and more comfortable. It should be noted
that the resistance to compression, RC, represents the percentage of recovery or return
to the original thickness once the compressive force is removed; a higher value indicates
greater recovery from compression, or in other words, assesses the sponge-like
behavior of the knit. The greater the stretchability of the knit, the better the quality in
terms of the tactile feel of the knit, meaning a higher RC value results in greater comfort
during wear, as well as a fuller and smoother sensation of the textile product.

Greater work or compression energy means a lower ability for elastic recovery of the
socks. The highest work or compression energy of the ,softest” cotton knit (C=41.78%)
indicates that it exhibited the least ability for elastic recovery (RC=42.62%). In contrast,
ithe lowest compressibility was observed in socks made from cotton-compact dominant
yarn (C=35.16%), which is partly compensated by the highest elastic recovery
(RC=47.36%).

When examining the sock models made from cotton and cotton-compact, it is noticeable
that due to the lower fuzziness of the yarn in the cotton-compact sock model, the outer
layers of the knit are poorer in fibers, which contributed to its lower compressibility.
Specifically, compared to traditional cotton spinning, the production of cotton-compact
yarn involves an additional phase in which protruding fibers are drawn into the yarn
body with the help of air, resulting in a more compact structure of the cotton yarn, which
is less fuzzy compared to the yarn produced through traditional spinning.

Plain jersey, regardless of the type of fibers in the dominant yarn, has a low LC value
(Table 2), indicating a less linear compression characteristic of these socks. This implies
that, due to the appropriate construction of the knit and the absence of surface fibers,
the fibers in the inner layer of the knit tend to slide under the influence of compressive
forces, which contributes to a reduction in the relative compressibility of the knit.

The elasticity of the fibers did not significantly affect the compression capability of the
socks. Specifically, the less elastic fibers of the cotton-dominant yarn generally exhibit
the highest compressibility in socks. The thickness of the socks under different pressures
varies according to the raw material composition of the dominant yarn. The greatest
thickness is found in socks made from cotton-dominant yarn at both pressure levels.

Table 2. Compression properties results of men’s socks in plain jersey

Dominant Cc LC wcC RC _Knitted fabric _Knitted fabric
yarn (%) (J-m32) (%) thickness (x10*m) thickness (x10-3 m)
BB 3645 052 059  47.77 1.30 0.83
MD 4029 0.46 0.61 40.81 1.39 0.83
cv 3672 040 046  45.00 1.28 0.81
CcoO 41.78 0.39 0.56 42.62 1.46 0.85
COc 3516 0.36  0.39  47.36 1.28 0.83
CO/PES 38.17 0.35 0.43 42.85 1.31 0.81

The surface properties of the yarn could also be involved or have an impact as a potential
factor in the compression of the knitted fabric, although there is no absolute certainty.
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Fibers protruding from the surface of the socks, along with a larger amount of air, form
practically two outer layers that are quite susceptible to compression. In other words, it
can be expected that the knitted fabric with more pronounced fuzziness on the surface
will be softer, i.e., it will exhibit greater compressibility, which is confirmed in the case of
the cotton-dominant yarn sock model. This establishes a direct link between the
fuzziness of the yarn and the softness (compressibility) of the socks used in the models.
The compression curves, derived from recorded changes in the thickness of the knitted
fabrics during loading and unloading, shown in Figures 1-3, provide a more detailed
insight into the phenomenon of lateral compression. These curves show a nonlinear
relationship between the change in knitted fabric thickness and the increase in
compressive load, except in the initial phase of the compression cycle. In this part, at
lower load values, the thickness of the knitted fabric changes linearly with the load,
corresponding to elastic deformation. With further increase in compressive load, the
compressibility of the socks decreases, which can be explained by their structure. The
third phase of compression, in which there is minimal change in knitted fabric thickness
with an increase in compressive load, involves the lateral compression of the fibers
themselves. It has been determined that the parts of each region, as well as the slopes
of the linear regions, vary depending on the knitted construction and the yarn structure
of the socks.

Although the facilitated sliding and shifting of fibers during compression contribute to the
compressibility of the material, which is important for the feeling of softness and comfort,
it should be noted that these processes are partially irreversible. The hysteresis that
occurs in knitted fabrics indicates the presence of permanent deformation during the
compression of socks (Figures 1-3). Since the ability of the material to elastically recover
is inversely proportional to the area of the hysteresis loop, a smaller hysteresis area
indicates better elastic recovery of the socks.

The differences in the slope of the compression curves of the tested sock models confirm
the assumptions about the impact of surface geometry and the fiber composition of the
knitted fabrics. Although the results of compression tests at low loads indicated
differences in the behavior of socks made from different dominant yarns, it was found
that the surface properties of different yarns significantly affect the compression
properties of socks, including both their compression capability and the material's elastic
recovery ability.

In comparison of sock models in plain jersey with different fiber compositions (Figures
1-3), a similarity in the appearance of the compression and decompression curves can
be observed. For example, in socks made from BB yarn as the dominant material, the
thickness during compression varies from 1.4 mm, while during decompression, it
decreases to 1.1 mm. In contrast, socks made from COc yarn have a thickness range
from 1.25 mm to 1.05 mm. A greater difference between the starting and final points of
the hysteresis loop results in a larger loop area. Since the elastic recovery ability of the
knitted fabric is inversely proportional to the area of the hysteresis loop, socks made
from BB yarn exhibit weaker elastic recovery compared to socks made from COc yarn,
which show better elastic characteristics.
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Figure 1. Pressure/Thickness diagram for bamboo men’s socks
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Figure 2. Pressure/Thickness diagram for cotton-compact men’s socks
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Figure 3. Pressure/Thickness diagram for CO/PES men’s socks

CONCLUSION

This paper discusses the most important compressible properties of men’s socks knitted
in plain jersey, made from six different fibers in three yarns used .

The sensation a textile material leaves in contact with the skin can vary depending on
various parameters, such as the physiological state of the body, climatic conditions,
moisture content in the material, the surface area, or the intensity of the contact between
the material and the skin. Testing the compressive behavior of the material under low
loads provides an opportunity to assess functionality, feel, etc., in relation to comfort.
The most compressible sock is made from yarn with a cotton dominance, while the sock
made from modal-dominant yarn is very similar in this property. Socks made from
bamboo and modal-dominant yarns exhibit the greatest linearity of compression, as well
as the highest energy and resistance to compression. Greater compression energy
indicates a reduced ability for elastic recovery of the socks. The "softest" cotton socks
have the weakest ability to return to their original shape. In contrast, socks made from
cotton-compact dominant yarn, although the least compressible, compensate for this
with the highest elastic recovery ability.

Based on six different combinations of fiber compositions and the analysis of several
compressive properties, the most suitable material combination for plain-jersey socks
was chosen, in accordance with their specific purpose: for recreation, medical needs,
home use, or for outdoor wear.
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Izvod

KOMPRESIBILNA SVOJSTVA MUSKIH CARAPA OD RAZLICITIH VLAKANA U
GLAT PREPLETAJU

Predrag Tasié¢! ID, Dusan Trajkovié? ID, Nenad Cirkovié? ID, Jelka Gersak® ID
TV.1L*Vunil*, d.o.o., Leskovac, Srbija
2 Univerzitet u NiSu, Tehnoloski fakultet, Leskovac, Srbija
3 Univerzitet u Mariboru, Masinski fakultet, Slovenija

U ovom radu razmatraju se najvaznija kompresibilna svojstva €arapa od razli€itih
vlakana u glat prepletaju. Ova svojstva, posredno uti€u na parametre termo-fizioloSke
udobnosti Carapa tokom noSenja. KoriS¢éene su tri prede u sastavu Carapa, prva,
dominantna preda izradena od Sest razli€itih vlakana €ini 77%. Ostale dve prede su od
poliamida i obmotane gumene niti sa u¢eSéem od 23%. Najkompresibilnija ¢arapa je
izradena od pamucne prede, vrlo blizu je i model ¢arapa od modalne prede. Najvecu
linearnost kompresije, energiju kompresije i otpornost na kompresiju imaju modeli
&arapa od bambus i modalne prede, ne zaostaje puno ni viskozna preda. Carape od
bambus prede pokazuiju slabiji elasti¢ni oporavak u poredenju sa ¢arapama od pamuk-
kompakt prede, koje imaju bolje elasticne karakteristike. Od S$est kombinacija
sirovinskog sastava za Carape i provere vise kompresijskih svojstava, mogu se odabrati
modeli ¢arapa u glat prepletaju za odgovaraju¢u namenu, na primer za medicinsku,
kucnu ili izvan kuénu namenu.

Kljune redi: Carapa, glat prepletaj, vlakna, kompresibilnost.
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