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Introduction

In determination of the appropriate comfort properties of 
fabrics, air permeability has great influence on transporta-
tion of the moisture from body to environment, apparel 
comfort, thermal insulation properties, the rate of liquid 
penetration during wet processing, and liquid removal 
during drying of fabrics.1–4 Air permeability of woven 
fabric is mainly dependent on the fabric structural prop-
erty that is related to fiber density, linear density of warp 
and weft yarns, type of yarn, weave construction, warp 
and weft density etc.4–6 All these parameters have strong 
effects on porosity of fabric which can be expressed as the 
ratio of air space to the total volume of the fabric expressed 

as percentage.1–3,7–10 The total porosity of woven fabrics 
comprises two types of pores: pores between warp and 
weft yarns (inter-yarn porosity or macro porosity) and 
void space contained between the fibers in the yarn (intra-
yarn porosity or micro porosity).3,6,7 Total porosity of 
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fabrics made from monofilament yarns in both warp and 
weft equals the macro porosity. Macro porosity is impor-
tant factor to evaluate air permeability, ultraviolet (UV) 
rays transmission, besides; micro porosity will affect 
absorption of humidity and capillary characteristic. 
Meanwhile, moisture management properties of fabrics 
are affected by both micro and macro porosity as well.2 
The estimation of the air permeability is theoretically 
based on the calculation of the porosity of the fabric.10

There are various studies about the evaluation of the 
woven fabric porosity in terms of geometrical methods, 
liquid intrusion methods, liquid extrusion methods and liq-
uid through method.1,11–27 The relationship between the 
fabric structural parameters which determine the pore vol-
ume within the fabric and air permeability is very compli-
cated and this situation makes the assessing of pores more 
difficult in connection with weave construction, warp and 
weft interlacement, yarn type etc. that influence the poros-
ity. Nevertheless, it is stated that comparing porosity 
parameters between two fabrics in relation to their perme-
ability properties is better the porosity on its own.2

Total porosity can be calculated in accordance with 
equations (1) and (2) as shown below
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where ε  is the total porosity (%),Vpores  is the volume of 
pores in woven fabrics (cm3),Vfabric  is the volume of the 
woven fabric (cm3), ρ fabric  is fabric physical density (g/cm3), 
ρ fibre  is fiber physical density (g/cm3), M fabric  is the areal 
density or weight of fabric in square meter (g/m2) and 
Tfabric  is the thickness of woven fabric in mm.1,2,4,8,13 This 
equation includes the inter-fiber porosity as well as the 
inter-yarn porosity of the fabric and it is well known den-
sity based calculation of porosity.1,4

In the porosity estimation of the woven fabric made of 
blended yarns, ρ fibre  of warp and weft yarns are calculated 
as average fiber density expressed as equation (3) which is 
given below28

1

1
ρ
=∑

n

ft

p

p
	 (3)

where ρ  is average density (g/cm3), p  is the weight frac-
tion of the component, p ft  is the fiber density of the ith 
component (g/cm3) and n  is the number of components of 
the blend.

Total fiber density within woven fabric structure, when 
different weft and warp yarn types, density etc. are taken 
into consideration can be determined with equation (4)
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where ρ  is fiber density (g/cm3), S1  and S2  are warp 
(warps/cm) and weft (wefts/cm) density, respectively, ρ1   
is warp fiber density (g/cm3), ρ2  is weft fiber density  
(g/cm3).29

It is generally easier to determine the macro porosity of 
woven fabrics from easily calculated fabric density and 
fiber density, whereas the number of pores can be sub-
tracted from the number of interlacing points given by 
warp and weft density. Nevertheless, as a construction 
parameter, the fabric used certainly influences the shape 
and dimension of the pores.2 The prediction of the perme-
ability of fabrics made of filament core-spun yarn has 
rarely been reported, although open literature reveals the 
majority of fabric permeability.

In the present study, the effect of filament fineness, yarn 
linear density on woven denim fabrics macro porosity was 
calculated. The influence of the micro porosity was elimi-
nated. Total porosity of woven denim fabrics made from 
core-spun and staple (100% Cotton) ring spun yarn as weft 
were calculated. Cotton covered core-spun yarns with dif-
ferent filament fineness (conventional, fine and micro) and 
yarn linear density were produced and used as weft in the 
production of the denim fabric. The effects of filament 
fineness and yarn linear density on total porosity and air 
permeability were evaluated. To understand the signifi-
cance of filament fineness and yarn linear density on air 
permeability and total porosity, statistical analysis of vari-
ance (ANOVA) and Duncan’s multiple range tests for the 
determination of the effect of subgroups were performed at 
the significance level of 0.05 with SPSS-18 package pro-
gram. Also, the Pearson correlation analysis was achieved 
to put forward the relationship between total porosity and 
air permeability of the denim fabrics.

Material and methods

For the purpose of this study, 110 dtex drawn textured pol-
yester (PET DTY) filaments with different filament fine-
ness i.e. 110dtex f36, 110dtex f96, 110dtex f144, 110dtex 
f192 and 110dtex f333 were used as core part to manufac-
ture combed cotton covered filament yarns at four differ-
ent yarn linear densities (37 tex, 30 tex, 25 tex and 21 tex). 
All production parameters were kept constant with the 
value of twist factor (αe) 3.9 and 8000 rpm spindle speed 
on modified ring spinning system which is illustrated in 
Figure 1.31 Cotton (100% CO) ring-spun yarns were also 
produced as a control group to compare and analyze the 
differences between core-spun yarns for each yarn linear 
density at the same spinning conditions.

The linear density 37 tex, 30 tex, 25 tex, and 21 tex 
combed cotton covered core-spun yarns, combed 100% 
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CO ring-spun yarns were used as weft yarn, and 30 tex 
combed 100% CO ring-spun yarn was used as warp yarn 
to obtain 3/1 twill weave denim fabrics. The preparation of 
warp yarns included mercerization with caustic soda ash 
and then prewashing process, dyeing at slasher indigo dye-
ing machine, final washing, and sizing/slashing process. 
All denim fabrics were produced on a Picanol GamMax 
rapier weaving machine and production parameters were 
kept constant (525 r/min machine speed, 190 cm reed 
width, 90 dents/4 warps reed number), only weft yarn den-
sity was determined in accordance with the same cover 
factor for each yarn linear density which was calculated 
using equation (5)2,6,32

c d n d n d n d n= + − ×1 1 2 2 1 1 2 2 	 (5)

where c  is the cover factor of the fabric, d  is the warp and 
weft yarn diameter in cm, and n  is the warp and weft den-
sity (threads/cm).

In this study, diameter of warp and weft yarns were esti-
mated for staple yarns with equation (6) given below29

d
Ttex= × −4 44 10 3.
ρ

	 (6)

where d  is the diameter of yarn (cm), Ttex  is the linear 
density of yarn in g/km, and ρ  is the fiber density in g/
cm3. In addition, yarn samples diameters were measured 
by means of Uster® Tester 6 test device in order to deter-
mine the correlation between theoretical and measured 
diameter. Furthermore, yarn sample’s properties are illus-
trated in Table 1. From the coarser yarn to finer yarn, twists 
per inch values were observed to increase at same twist 

factor, and diameter of the yarn samples was observed to 
be decrease. When same linear density of core filament as 
110 dtex is taken into consideration, pure cotton ring-spun 
yarns have higher yarn twist, which is because the pres-
ence of filaments within the yarn structure shows higher 
resistance against the force to twist.

Fabric thickness, fabric weight, warp and weft density, 
cover factor, total porosity, and air permeability of denim 
fabrics were determined after singeing, desizing, finishing 
processes, and thermal fixation.

Denim fabrics were conditioned in a standard atmos-
phere at 20°C ± 2°C temperature and 65% ± 4% rela-
tive humidity for 24 h. Air permeability tests were carried 
out according to the ISO 9237: 1995—Textiles—
Determination of the permeability of fabrics to air. A 
total of 20 tests were achieved for each denim fabric 
samples on SDL Atlas air permeability tester at 100 Pa 
test pressure on an area of 20 cm2.

To determine the weight fraction for each yarn linear 
density of core-spun yarn combining textured filament, 
core/sheath ratio (%) of each yarn linear density was taken 
into consideration. In addition, for 37 tex yarn linear den-
sity, core/sheath ratio (%) is 30/70; for 30 tex yarn linear 
density, core/sheath ratio (%) is 37/63; for 25 tex yarn lin-
ear density, core/sheath ratio (%) is 45/55; and finally, for 
21 tex yarn linear density, core/sheath ratio (%) was 52/48. 
Density of cotton and polyester fiber was taken as 1.52 and 
1.38 g/cm3, respectively.28 The average density of weft 
yarn samples were determined with equation (3), and fiber 
density of the denim fabric samples were calculated with 
equation (4). Finally, total porosity of denim fabric sam-
ples were also determined by using fiber density, fabric 
weight, and fabric thickness with equation (2).

Results and discussions

The structural characteristics of denim fabrics are dem-
onstrated in Table 2. The correlation between theoretical 
and measured diameter yarn samples was evaluated by 
means of Pearson correlation analysis. Results are shown 
in Table 3.

It is clearly seen in table that Pearson correlation coef-
ficients between theoretical yarn diameter (cm) and meas-
ured yarn diameter were found to be statistically significant 
with the value of 0.984 at a significance level of 0.001.

The line diagrams of air permeability of denim fabrics 
and total porosity are illustrated in Figure 2. Total porosity 
was calculated from equation (2) using fabric thickness, 
fabric weight, and fiber density.

It is obviously seen in Figure 2 that denim fabrics pro-
duced from combed 100% CO ring-spun weft yarns as 
control group of this study show higher air permeability 
with respect to core-spun weft yarns in all cases. Combed 
100% CO ring-spun yarns have higher twists per inch yarn 
and lower diameter than core-spun that makes fabrics 

Figure 1.  Principle of core-spun yarn production by adding 
filament core by means of V-grooved roller (it may not be 
reproduced without permission): (a) modified ring spinning 
frame, (b) combination of materials, and (c) simulated 
longitudinal and cross-sectional view of core-spun yarn 
containing filaments.30
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Table 1.  The properties of core-spun yarns and 100% combed CO ring spun yarns.33

Yarn linear 
density (tex)

Filament 
fineness (dtex)

Theoretical 
yarn diameter 
(cm)

Measured 
yarn diameter 
(cm)

Yarn twist 
(TPI)

Breaking 
strength 
(cN/tex)

Breaking 
elongation 
(%)

Unevenness 
(CVm%)

Hairiness 
(Uster H)

37 0 (100% CO) 0.0219 0.0310 16.5 16.56 7.41 10.04 6.73
3.05 0.0222 0.0325 15.7 15.17 9.03 9.36 7.25
1.15 0.0222 0.0318 15.4 14.98 8.68 9.29 8.03
0.76 0.0222 0.0321 15.3 16.64 8.87 9.26 7.44
0.57 0.0222 0.0316 15.4 15.48 8.24 9.23 7.44
0.33 0.0222 0.0319 15.4 18.10 9.22 9.30 7.59

30 0 (100% CO) 0.0196 0.0276 18.4 16.18 6.87 10.75 6.51
3.05 0.0199 0.0291 17.2 17.89 9.41 9.92 6.92
1.15 0.0199 0.0276 17.0 16.24 10.25 9.94 7.97
0.76 0.0199 0.0291 17.1 17.25 10.99 9.75 7.21
0.57 0.0199 0.0301 17.1 17.21 12.32 9.96 7.11
0.33 0.0199 0.0291 17.2 18.94 9.39 10.02 7.38

25 0 (100% CO) 0.0179 0.0251 20.3 16.55 6.70 11.28 5.88
3.05 0.0182 0.0256 19.4 20.79 30.40 10.68 6.56
1.15 0.0182 0.0251 19.2 20.14 37.42 10.63 7.25
0.76 0.0182 0.0263 19.2 20.32 36.51 10.56 6.76
0.57 0.0182 0.0260 19.3 20.68 36.85 10.56 6.77
0.33 0.0182 0.0259 19.2 20.58 26.22 10.52 7.06

21 0 (100% CO) 0.0166 0.0228 21.8 16.18 6.42 11.81 5.56
3.05 0.0170 0.0235 21.7 23.81 29.55 11.65 6.68
1.15 0.0170 0.0227 21.4 23.53 39.51 11.58 7.12
0.76 0.0170 0.0233 21.3 23.32 37.99 11.89 7.12
0.57 0.0170 0.0239 21.2 24.19 36.59 11.31 6.80
0.33 0.0170 0.0233 21.4 23.65 30.41 10.77 6.38

CO: cotton: TPI: twists per inch.

Table 2.  Structural characteristics of denim fabrics.30,32

Filament fineness 
(dtex)

Yarn linear 
density (tex)

Weft density 
(wefts/cm)

Warp density 
(warps/cm)

Fabric thickness 
(mm)

Fabric weight 
(g/m2)

Calculated fabric 
cover factor

0 (100% CO) 37 22 41 0.44 215.18 0.898
3.05 22 41 0.44 217.18 0.899
1.15 22 41 0.44 217.78 0.899
0.76 22 40 0.44 219.23 0.899
0.57 22 42 0.44 219.30 0.899
0.33 22 41 0.44 216.90 0.899
0 (100% CO) 30 24 42 0.41 204.37 0.896
3.05 24 41 0.41 206.53 0.897
1.15 24 42 0.41 209.17 0.897
0.76 24 42 0.42 210.17 0.897
0.57 24 42 0.42 211.46 0.897
0.33 24 41 0.41 204.88 0.897
0 (100% CO) 25 26 41 0.40 201.11 0.895
3.05 26 41 0.40 201.43 0.897
1.15 26 41 0.41 205.22 0.897
0.76 26 42 0.41 205.56 0.897
0.57 26 42 0.41 207.10 0.897
0.33 26 41 0.41 205.72 0.897
0 (100% CO) 21 28 42 0.39 198.07 0.894
3.05 28 41 0.39 198.18 0.897
1.15 28 41 0.39 201.81 0.897
0.76 28 41 0.39 201.91 0.897
0.57 28 41 0.39 203.16 0.897
0.33 28 41 0.38 200.69 0.897
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higher permeable. With decrease in yarn linear density, air 
permeability decreases. When it is thought to be similar 
cover factor of fabric by changing weft density in cm, finer 
yarn samples show lower permeability properties to air.

When constant fabric cover factor is taken into consid-
eration, the number of weft yarns per unit length of the 
fabric (constant warp density for all fabrics) will increase 
when yarns become finer thus passing of air voids between 
fibers will become difficult and the barrier property of fab-
ric will increase. There are similar results at previous stud-
ies in literature.3,8,12 In earlier studies, it is seen that the 
increase in filament fineness from conventional to micro 
has a great influence on air permeability whether weft yarn 
comprises 100% filament yarns or staple fiber covered 
filament yarns.33–35 Air permeability of a fabric determines 
its resistance to wind penetration in cold weather, and the 
extent of wind penetration affects the thermal insulation 
provided by the clothing in cold weather.36,37 The decrease 
in air permeability of denim fabrics made of core-spun 
yarns containing textured filaments in each yarn linear 
density exhibits the increase in the number of filament in 
yarn cross-section from 36 filaments to 333 filaments. In 
this situation, it can be concluded that yarn types with 

microfilament core part within the fabric structure contrib-
ute barrier effect against weather condition, especially for 
winter use. When denim fabric is considered to be pre-
ferred in all seasons, this appears to be an advantageous 
situation.

Total porosity that is emphasized in literature is a pro-
portion of void space in a porous medium which is com-
monly calculated using equation (1). This equation includes 
the inter-fiber porosity as well as the inter-yarn porosity of 
the fabric.1 In Figure 2, total porosity illustrated as line dia-
gram was calculated with equation (2) which was derived 
from equation (1). There is a strong relationship between 
air permeability and porosity of fabric. Ideally, it is expected 
that fabric with higher total porosity will show higher air 
permeability behavior. In addition, higher void space leads 
to lower volume of yarns. Consequently, in general, calcu-
lated total porosity from equation (2) has similar trend, and 
100% CO fabrics have the highest total porosity similar to 
air permeability trend.

In statistical analysis, to determine the effect of sub-
groups (filament fineness and yarn linear density individu-
ally) on air permeability, Duncan’s multiple range test was 
performed. The results for filament fineness and yarn linear 

Table 3.  Pearson correlation between calculated and measured yarn diameter.

Theoretical yarn diameter (cm) Measured yarn diameter (cm)

Theoretical yarn 
diameter (cm)

Pearson correlation 1 0.984**
Significance (two-tailed) – 0.000
N 72 72

Measured yarn 
diameter (cm)

Pearson Correlation 0.984** 1
Significance (two-tailed) 0.000 –
N 72 72

**Correlation is significant at the 0.001 level (two-tailed).

Figure 2.  Total porosity of denim fabrics at different levels of filament fineness and yarn linear density (:air permeability and 
I:total porosity).
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density are summarized using Duncan’s multiple range 
tests in Tables 4 and 5, respectively.

According to Duncan’s multiple range test, denim fab-
rics with microfilament core cotton-covered core-spun 
yarns’ air permeability was found to be lower values than 
both conventional and fine filament fineness cotton-cov-
ered core-spun weft yarns. The lowest air permeability are 
recorded at 0.33 dtex filament fineness followed by 0.76 
dtex and 0.57 dtex, which means that permeability decreases 
as PET DTY filament becomes having micro fineness as 
core part of core-spun yarns. It can be said that the fila-
ments with micro fineness differ from filaments with fine 
and conventional fineness and 100% CO ring-spun yarn 
when taking Duncan’s multiple range test of air permeabil-
ity into account. This may be explained as microfilament 
with higher number of filament core part of core-spun yarns 
resulting in a higher resistance to air passage.

The total porosity results calculated from equation (2) 
for filament fineness and yarn linear density are summa-
rized using Duncan’s multiple range tests in Tables 6 and 7, 
respectively. In Table 6, the individual means by Duncan’s 
multiple range test demonstrates that the total porosity of 
denim fabrics made from PET DTY yarn with micro and 
fine fineness cotton-covered core-spun yarns do not differ 
significantly at p = 0.05. On the other hand, denim fabrics 
made from 3.05 dtex core-spun yarns and 100% CO ring 
spun yarns as weft have the highest total porosity with the 
value of 66.65% and 66.95%, respectively.

It is clearly seen that Table 7 indicates total porosity of 
denim fabrics increase when yarn becomes coarse. All val-
ues differ significantly from each other. It can be said that 
yarns with coarser and lower weft density enable the flow 
of air through fabric. We can summarize that weft density 
and yarn linear density have statistically significant influ-
ence on total porosity of denim fabrics according to 
Duncan’s multiple range test.

An analysis of variance (ANOVA) was performed to 
determine the statistically significant influence of filament 
fineness and yarn linear density on the air permeability and 
total porosity of denim fabrics as shown in Table 8. The 
ANOVA results clarify that both filament fineness and 
yarn linear density have great significance effect on air 
permeability and total porosity of denim fabrics. It is clear 
that the effect of filament fineness and yarn linear density 
have a statistical significance at a level of 0.05 on total 
porosity and air permeability of denim fabric.

Furthermore, R-square with the value of 96.7% for air per-
meability shows that the influences of filament fineness and 
yarn linear density are highly statistically significant. When the 
effect of these parameters on total porosity of denim fabrics is 
examined, R-square is found to be the value of 79%. To exhibit 
the relationship between air permeability and total porosity of 
denim fabrics, Pearson correlation analysis result is illustrated 
in Table 9. As seen from table, Pearson correlation coefficients 
between air permeability (mm/s) and total porosity (%) were 

found to be statistically significant with the value of 0.794. It 
means that Pearson correlation coefficient for these variables 
represents the strong relationship for 0.001 significance level.

Table 4.  Duncan’s multiple range test (p = 0.05) for air 
permeability of denim fabrics versus filament fineness.

Filament 
fineness 
(dtex)

Subset

1 2 3 4 5

0.33 129.9063
0.76 134.9975
0.57 135.5963
1.15 146.1500
3.05 153.6250
0 (100% CO) 178.3500
Significance     1.000     0.526     1.000     1.000     1.000

Table 5.  Duncan’s multiple range test (p = 0.05) for air 
permeability of denim fabrics versus yarn linear density.

Yarn linear 
density (tex)

Subset

1 2 3 4

21 113.7917
25 134.4583
30 151.1667
37 186.3333
Significance     1.000     1.000     1.000     1.000

Table 6.  Duncan’s multiple range test (p = 0.05) for total 
porosity of denim fabrics versus filament fineness.

Filament 
fineness (dtex)

Subset

1 2 3 4 5

0.33 65.8835
0.57 66.0280
0.76 66.1832
1.15 66.2525
3.05 66.6490
0 (100% CO) 66.9489
Significance   1.000   1.000   0.296   1.000   1.000

Table 7.  Duncan’s multiple range test (p = 0.05) for total 
porosity of denim fabrics versus yarn linear density.

Yarn linear density (tex) Subset

1 2 3

21 65.3009
25 66.3979
30 66.4234
37 67.1746
Significance   1.000   0.638   1.000
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Conclusion

The air permeability of a fabric is one of the very impor-
tant properties of fabrics, which depends on the struc-
tural parameters of fabrics such as fiber density, yarn 
type, yarn linear density, fabric density, and weave con-
struction. In addition, these parameters have strong 
effects on porosity. In this study, the effects of filament 
fineness and yarn linear density on air permeability and 
total porosity of denim fabrics were examined. Denim 
fabrics from microfilament cotton-covered core yarn 
have the lowest values of air permeability and total 
porosity that enables a better thermal insulation for win-
ter use. The multivariate analysis leads to the conclu-
sion that the influence of filament fineness and yarn 
linear density is statistically significant on air permea-
bility and total porosity of denim fabrics. A correlation 
relationship was achieved between the total porosity 
and air permeability of denim fabrics, considering the 
filament fineness and yarn linear density parameters. 
The positive and strong relation with the value of 0.794 

between air permeability and total porosity of denim 
fabrics made of core-spun yarns with different filament 
finenesses and 100% CO ring-spun weft yarns was 
detected performing with Pearson correlation analysis 
at a significance level of 0.001.
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Table 8.  Multivariate analysis of variance, tests of between-subjects effects for the air permeability and total porosity of denim 
fabrics.
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(B) Filament fineness (dtex) Air permeability (mm/s) 127,347.120 5 25,469.424 716.814 0.000
Total porosity (%) 64.221 5 12.844 73.115 0.000

A*B Air permeability (mm/s) 9049.776 15 603.318 16.980 0.000
Total porosity (%) 23.423 15 1.562 8.889 0.000

Error Air permeability (mm/s) 16,202.321 456 35.531
Total porosity (%) 80.106 456 0.176

Total Air permeability (mm/s) 10,784,486.30 480
Total porosity (%) 2,111,852.656 480

Corrected total Air permeability (mm/s) 491,394.425 479
Total porosity (%) 382.021 479

aR-squared = 0.967 (adjusted R-squared = 0.965).
bR-squared = 0.790 (adjusted R-squared = 0.780).

Table 9.  Pearson correlation between air permeability and total porosity.

Air permeability (mm/s) Total porosity (%)

Air permeability (mm/s) Pearson correlation 1 0.794**
Significance (two-tailed) – 0.000
N 480 480

Total porosity (%) Pearson correlation 0.794** 1
Significance (two-tailed) 0.000 –
N 480 480

**Correlation is significant at the 0.001 level (two-tailed).
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