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Abstract

Fabric thickness is one of the important knit-

ted fabric parameters in�uencing the insula-

tion properties, handle and material consump-

tion. In the previous research, fabric thickness 

was mainly examined within the framework 

of studies of other knitted fabric structural pa-

rameters and properties, and only rarely as the 

main research topic. �e research objective was 

to comparatively analyse fabric thickness and 

Knapton constants of knitted fabrics made from 

core-spun yarns with elastane core and those 

made from conventional yarns. It was estab-

lished that the knitted fabrics made from yarns 

with elastane core are signi�cantly thicker than 

the knitted fabrics made from yarns without 

elastane core, with equal linear density, pro-

duced on the same knitting machine under 

the same conditions, all in�uencing the perfor-

mance properties of elasticized knitted fabrics. 

It was also established that the Knapton con-

stant of dense and loose knitted structures from 

yarns with elastane core decreases while it in-

creases for the yarns without elastane core. A 

new parameter, i.e. fabric thickness interlacing 

factor, was de�ned. -

-

stne lastnosti pletiv ter na načrtovanje njihove proizvodnje, zato 

-
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1 Introduction

Knitted fabrics are complex and dimensional-

ly sensitive structures. A variation of basic pa-

rameters, i.e. loop width, height and length, 

and fabric thickness, signi�cantly in�uenc-

es the performance and comfort properties of 

knitted fabrics and their production planning. 

Consequently, geometrical parameters of knit-

ted structures have been an extensive research 

topic for some time now. Fabric thickness is one 

of the important knitted fabric parameters in-

�uencing the insulation properties, handle and 

material consumption. 

Until now, the optimal knitted loop and knit-

ted fabric parameters have been de�ned solely 

for the fabrics knitted from conventional yarns. 

Due to the compactness of relaxed fabrics, the 

parameters of knitted fabrics made from high-

ly elastic yarns with elastane core di#er con-

siderably from the parameters of knitted fab-

rics made under same process conditions from 

yarns without elastane core. �e research ob-

jective was to comparatively analyse the thick-

ness of knitted fabrics made from yarns with 

elastane core and from conventional yarns, re-

spectively. 

2 Knitted fabric thickness, yarn 
 diameter and Knapton constant 

�e knitted fabric thickness as a geometrical 

parameter was mainly discussed by the scien-

tists who treated their loop models as a space 

curve. In 1914, Tompkins [1] wrote that the 

knitted fabric thickness equals twice the yarn 

diameter. Although Pierce’s loop model [2] 

mathematically describes a two-dimensional 

knitted loop shape, it can be seen from the loop 

model �gures that the knitted fabric thickness 

is more than twice the yarn diameter. Vekassy’s 

general loop model [3] discusses the knitted 

loop as a line without the parameter of yarn di-

ameter. On the other hand, his loop models of 

normal and compact structures de�ne the knit-

ted fabric thickness being twice the yarn diame-
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ter, i.e. d
pl
 = 2d

pr
. �e same relation is anticipat-

ed in Dalidovich’s model [4]. Suh [5] presumed 

the loop being �exed, the loop limbs lying on a 

concave surface. Although it can be concluded 

from his loop model �gure that d
pl
 ≥ 2d

pr
, the 

knitted fabric thickness is not de�ned in the re-

lation to other parameters. In their loop mod-

el, Morooka Hi., Matsumoto and Morooka Ha. 

[6] presumed the loop shape being two-dimen-

sional, which was substantiated with a negli-

gible knitted fabric thickness compared to the 

loop length.

�e geometrical parameters of knitted struc-

tures made of conventional yarns have been 

experimentally studied by several researchers. 

Mainly, the basic single jersey structure was 

discussed, and the loop width (horizontal den-

sity), loop height (vertical density) and loop 

length were measured. �e knitted fabric thick-

ness was mostly measured within the knitted 

fabric structural parameters investigation and 

was presented as a principal research in few pa-

pers only [7, 8, 9, 10, 11]. For the knitted fab-

rics in fully relaxed (consolidated) state made 

from conventional yarns, fabric thickness was 

shown to be independent of the loop length, de-

pending only on yarn diameter. �e Knapton 

constant, K
5
, was de�ned as the ratio between 

the knitted fabric thickness and yarn thickness 

(diameter) with an experimentally de�ned val-

ue K
5 
= 4.8–6.8 [7]. 

With the analysis of the knitted structure prop-

erties, it was stated that the pressure loading/

fabric thickness curve can be divided into three 

regions during the lateral compression – the 

�rst linear region followed by the non-linear re-

gion and the second linear region [8]. Further 

on, it was shown that the main structure of the 

knitted fabric begins to deform at the second re-

gion of the pressure loading/thickness curve [9]. 

It was also established that fabric thickness is 

primarily dependent on the �bre type and prop-

erties. Only basic �bres, such as silk, cotton and 

polyester, were investigated [10]. 

Yarn thickness has a direct impact on the knit-

ted fabric thickness. It equals the yarn diameter 

if a round yarn cross-section is presumed. �e 

yarn diameter is a parameter di$cult to de�ne 

as the yarn is not a solid body of known densi-

ty. Its porosity amounts to 30–70 %. �e yarn 



Parametri zbitega levo-desnega pletiva – 3. del

Tekstilec, 2011, letn. 54, št. 1–3, str. 5–15 

8

S = ————
m

m  . P

kjer je: S m
1

-

m
0

 pa-

P
d

prS

——
 je bil nato izračunan po enačbi:

d
prS

 = ——
S

L

——

kjer je: d
prS

——
S

 

L
d

pl0

-

-

-

-

-

-

core is compact, while the cover is composed of 

free ends of �bres protruding from the yarn sur-

face [12]. A low twist of knitting yarns results 

in a variable practical yarn diameter within the 

knitted fabric [13]. 

3 Experimental: sample 
 preparation and research 
 methods 

Ring-spun yarns used for the knitted sam-

ple preparation were designed and made with 

planned parameters for the research pur-

pose from viscose (CV) and polyacrylonitrile 

(PAN) �bres. From each raw material, elasti-

cized yarn of the same linear density was made 

– muliné-twisted yarn (composed of elastomer-

ic core-spun yarn and yarn without elastane, 

both ring-spun), core-twisted yarn (elastane �l-

ament yarn, core-twisted with two ring-spun 

yarns) and core-spun yarn (yarn with elastane 

core and staple �bre sheath covering). For a 

comparison, ring-spun yarns without elastane 

of equal linear density as elasticized yarns were 

produced as well. 

�e knitted samples were produced on an elec-

tronic �at we* knitting machine UNIVERSAL 

MC 720, gauge E8 under the same process con-

Table 1: Yarn sample descriptions
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Table 2: Yarn and knitted fabric sample labelling
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b
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yarn 

label type dense loose

consolidation consolidation

consolidation consolidation

consolidation consolidation

consolidation consolidation

consolidation consolidation

consolidation consolidation

consolidation consolidation

consolidation consolidation
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ring-spun yarn 

without elastane

ditions. �e yarn was not waxed. From each 

yarn, samples were knitted in two densities. �e 

knitted samples were statically dry relaxed for 

72 hours or additionally dynamically wet re-

laxed (consolidated) a*er a dry relaxation, re-

spectively [14]. 

�ere is no standard method for measuring 

yarn thickness or yarn diameter. �e yarn di-

ameter measuring with a microscopic observa-

tion and optical projection methods involves a 

subjective determination of the yarn borders 

in an unloaded state, which is a weak point of 

these methods. �e mechanical methods for 

the yarn diameter measuring incorporate a di-

rect yarn compression, which is especially prob-

lematic with voluminous yarns, incl. ring-spun 

knitting yarns.

At the Moscow Textile Institute, a contact-

less projection-calculating method for the av-

erage diameter of textured yarns, i.e. F. Sadik-

ov method was developed [15]. �e diameter of 

investigated yarns, d
prS

, was measured with the 

modi�ed Sadikov method. From the yarn sam-

ples prepared with a preloading of 0.003 cN-

tex–1 [15], i.e. 0.3 cN, 30 mm yarn sections were 

scanned with the resolution of 1200 dpi. A*er-

wards, the scanned sections were printed on pa-

per with a 20-fold magni�cation and cut out. 

�e mass of the cut-out printed samples and 

mass of the paper sheet with a known surface 

area were measured. For each yarn sample, 10 

measurements were performed. �e average 

yarn diameter was calculated from the yarn 

sample area (Equation 1), where: S – yarn sam-

ple area (mm2); m
1
 – mass of yarn sample pro-

jection cut out of paper (mg); m
0
 – mass of 1 

mm2 of paper on which yarn sample was pro-

jected (mg); P – magni�cation.
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Table 3: Knitted fabric thickness, yarn diameter and Knapton constant of dry, and dry and wet relaxed (con-
solidated) dense and loose structures 

yarn/knitted yarn 

dense structure – g loose structure – r

d
prS

 d
K

d
K
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S

S

S

S

S

S

�e average yarn diameter was calculated with 

the equation 2, where: d
prS

——
 – average yarn di-

ameter (mm), S
 
– yarn sample area (mm2), L – 

length of scanned yarn sample (mm).

�e thickness of the unloaded knitted fab-

ric, d
pl0

, was de�ned by measuring the knit-

ted fabric thickness at various loadings and 

with a subsequent calculation to zero loading. 

�e thickness of the dry, and dry and wet re-

laxed knitted fabrics was measured according 

to the SIST EN ISO 5084:1996 standard at var-

ious standard loadings of the pressure foot: 20 

cNcm–2, 40 cNcm–2, 60 cNcm–2, 80 cNcm–2 and 

100 cNcm–2. An additional pressure foot with 

a larger pressure surface and loading of 8.43 

cNcm–2 was designed. For each knitted fab-

ric sample, 20 measurements were performed. 

�e average values of the knitted fabric thick-

ness at each pressure foot loading were trans-

Figure 1: Comparison of fabric thickness, d
pl0

, of dense and loose, 
dry, and dry and wet relaxed (consolidated) structures
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ferred to Excel and the diagram curves were 

drawn. Based on the presumption of nonline-

ar pressure loading/knitted fabric thickness de-

pendence [8, 9], an equation of a corresponding 

polynomial was found for each individual sam-

ple. From the polynomial equation, the knitted 

fabric thickness at zero loading was calculated 

for each sample.

4 Research results and discussion

From Table 3, it can be seen that the diam-

eter of the wet relaxed yarns measured with 

the Sadikov method [15] exceeds the diameter 

of the dry relaxed yarns. �e dry and wet re-

laxed yarns without elastane core exhibit the 

smallest diameter. �e yarn diameter increase 

due to a wet relaxation amounts from 29.8% 

to 61.7% for the yarns with elastane core, and 

10% or 6.2% for viscose and polyacrylonitrile 

yarns without elastane core, respectively. �e 

yarn diameter increase due to a wet relaxation 

results in a more compact knitted structure and 

increased fabric thickness. �is is re�ected in a 

loop con�guration change and consequently, in 

the knitted fabric appearance, parameters and 

dimensional properties.

Table 3 and Figure 1 show that the knitted fab-

rics made from yarns with elastane core are 

signi�cantly thicker than the knitted fabrics 

made from yarns without elastane core, with 

equal linear density, produced on the same 

knitting machine under the same conditions. 

�e thickness of knitted fabrics made from 

all yarns, with and without elastane core, in-

creased during a wet relaxation. In most cas-

es, the thickness of dense knitted fabrics made 

from yarns with elastane core increased more 

than the thickness of loose fabrics made from 

the same yarns. �e loose knitted fabrics from 

yarns with elastane core are thicker than the 

equally relaxed dense knitted fabrics from 

yarns of the same kind, while the fabrics made 

of yarns without elastane core show the op-

posite trend – the loose knitted fabrics exhibit 

smaller or equal thickness than the dense knit-

ted fabrics. 

�e knitted fabric thickness increase during a 

wet relaxation, along with an insigni�cant loop 

length change, and simultaneous loop width 

Figure 2: Comparison of Knapton constant, K
5
, of dense and loose, 

dry, and dry and wet relaxed (consolidated) structures
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and loop height decrease indicates that the loop 

shape changes due to a wet relaxation, while 

the loop length change is not important.

�e Knapton constant, K
5
, [7] assigns the re-

lation between the knitted fabric thickness, 

d
pl0

, and the yarn diameter, d
prS

. If the knit-

ted fabric exhibits a normal structure with re-

gard to thickness, the knitted fabric thickness 

is twice the yarn diameter (K5 theor in Figure 

2). From Table 3, it can be seen that the Knap-

ton constant of dense and loose knitted struc-

tures made from yarns with elastane core de-

creases, while it increases for the knitted fabrics 

made from yarns without elastane core. For the 

knitted fabrics made from yarns with elastane 

core, the Knapton constant of loose structures 

is higher than the Knapton constant of dense 

structures. In contrast, the Knapton constant of 

loose knitted structures is lower than the Knap-

ton constant of dense knitted structures for the 

fabrics made from conventional yarns.

On the grounds of the preliminary analy-

sis of the results of basic knitted loop parame-

ter measurements (i.e. loop width, loop height, 

loop length, yarn diameter and knitted fabric 

thickness) with the principal component anal-

ysis (16), the fabric thickness interlacing fac-

tor, v
deb

, can be de�ned, i.e. the ratio between 

the loop length and the knitted fabric thickness: 

Equation 3, where: v
deb

 – fabric thickness inter-

lacing factor, ℓ – loop length (mm), d
pl0

 – fabric 

thickness (mm).

From Table 4 and Figure 3, it can be seen that 

the fabric thickness interlacing factor, v
deb

, of 

knitted fabrics made from yarns without elas-

tane core (Samples 7 and 8) exhibits signi�cant-

ly higher values than the fabric thickness inter-

lacing factor, v
deb

, of knitted fabrics made from 

yarns with elastane core (Samples 1–6). For 

the knitted fabrics made from yarns with elas-

tane core, it holds the values v
deb

 = 3.6–6.0, 

while for the knitted fabrics made from yarns 

without elastane core, it holds the values v
deb

 = 

5.9–11.4. �e loose and wet relaxed structures 

exhibit higher values of the fabric thickness in-

terlacing factor. �e fabric thickness interlacing 

factor decreases with a wet relaxation and with 

the increase in density. 

-

vih iz konvencionalnih prej pa je, nasprotno, Knaptonova konstan-

-

-
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no zanke in debelino pletiva:
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 = ——
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Table 4: Knitted fabric thickness, d
pl0

, loop length, ℓ, and fabric thick-
ness interlacing factor, v

deb
, of dense and loose, dry, and dry and wet 

relaxed (consolidated) structures
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5 Conclusions

Knitted fabrics made from yarns with elastane 

core are signi�cantly thicker than the knitted 

fabrics made from yarns without elastane core, 

with equal linear density, produced on the same 

knitting machine under the same conditions. 

�e thickness of knitted fabrics made from all 

yarns, with and without elastane core, increas-

es during a wet relaxation. �e loose knitted 

structures from yarns with elastane core are 

thicker than the equally relaxed dense knitted 

structures from yarns of the same kind, while 

the fabrics made of yarns without elastane 

core show the opposite trend – the loose knitted 

structures exhibit lower or equal thickness than 

the dense knitted structures. 

�e Knapton constant of knitted fabrics made 

from yarns with elastane core decreases during 

a wet relaxation, while it increases for the knit-

ted fabrics made from yarns without elastane 

core. For the knitted fabrics made from yarns 

with elastane core, the Knapton constant of 

loose structures is higher than the Knapton con-

stant of dense structures. In contrast, the Knap-

ton constant of loose knitted structures is low-

er than the Knapton constant of dense knitted 

structures for the fabrics made from conven-

tional yarns. 

On the grounds of preliminary statistical analy-

ses, the thickness interlacing factor, v
deb

, was de-

�ned, i.e. the ratio between the loop length and 

the knitted fabric thickness, v
deb 

= ℓ/d
pl
. For the 

knitted fabrics made from yarns with elastane 

core, it holds the values 3.6–6.0, while for the 

knitted fabrics made from yarns without elas-

tane core, it holds the values 5.9–11.4.

�e fabric thickness interlacing factor, v
deb, 

of 

knitted fabrics made from yarns without elas-

tane core is signi�cantly higher than the fab-

ric thickness interlacing factor of knitted fabrics 

made from yarns with elastane core. �e fab-

ric thickness interlacing factor decreases with a 

wet relaxation and with the increase in density. 

Acknowledgements

�e yarn samples were designed and produced 

by Predilnica Litija, Slovenia. �e knitted sam-

ples were produced by Pletilstvo Vene, Ivančna 

v
deb

-

-

pletiva iz prej brez elastanskega jedra enake nazivne dolžinske 

-

-

-

-

konstanta redkih pletiv večja od Knaptonove konstante gostih ple-

-

-

-

-

lino pletiva: v
deb 

= ℓ/d
pl

-

v
deb

v
deb 

pletiva iz prej brez elastan-

Figure 3: Fabric thickness interlacing factor, v
deb

, of dense and loose, 
dry, and dry and wet relaxed (consolidated) structures made from 
yarns without elastane core and yarns with elastane core



Parametri zbitega levo-desnega pletiva – 3. del

Tekstilec, 2011, letn. 54, št. 1–3, str. 5–15 

14

gorica, Slovenia. We very much appreciate their 

assistance and co-operation.

-

Science of knitting

Textile Research Journal

Acta Technica,

Osnovi teorii vjazanija

Textile Research Journal, 

Textile Research Journal

KNAPTON, J. J. F., AHRENS, F. J., INGENTHON, W. W., 
FONG, W. -

Textile Research Journal, 

-

Journal of the Textile 
Institute

-

Journal of 
Textile Machinery and Society Japan, English Edition,

-

-

Bulletin of the Faculty of Textile Science, Kyoto 
Institute of Technology

Annals of DAAAM & Proceedings, Annual, 2007.
Journal of the 

Textile Institute
-

Structural mechanics of �bers. Del 
1, Yarns and fabrics. 



Parametri zbitega levo-desnega pletiva – 3. del 15

Tekstilec, 2011, letn. 54, št. 1–3, str. 5–15 

PAVKO-ČUDEN, A. Študij zanke votkovnega pletiva. Study of 
we* knitted loop : Doktorska disertacija. Ljubljana : Univerza v 
Ljubljani, Naravoslovnotehniška fakulteta, 2005.
Laboratory Practice in the Study of Textile Materials

Proceedings of 5th World Textile Conference 
AUTEX, Portorož, Slovenia, 2005,


