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to wear, and at the same time offer pro-
tection against UV rays. The researches 
which have been carried out in this area 
have proved that the protective efficiency 
of such clothing depends on several fac-
tors, such as the type of fibres, construc-
tional parameters of the textile material, 
the colour of the material or fibres, as 
well as certain mechanical parameters, 
such as elasticity, moisture content, after-
treatments and treatment of the fabric 
with UV absorbents [1, 2].

The investigations of various types of 
fibre carried out by the scientists Cox 
Crews et al., Curiskis & Pailthorp, and 
Davies et al. showed that, in general, 
cotton and viscose have a low ability to 
absorb UV rays. Among natural materi-
als, wool had slightly better protective 
properties, whereas the protective prop-
erties of silk are, even compared to those 
of synthetic fibres, due to its low UV ray 
transmittance. There are, of course, dif-
ferences between synthetic materials too. 
Thus, polyester fibres, which are made of 
aromatic components, have high absorb-
ance, whereas polyamide fibres (PA 6 and 
PA 6.6) have lower absorbance [3 - 7]. 

The research presented in this paper fo-
cused on the analysis of cotton, which is 
the most suitable material for woven and 
knitted summer clothing. However, due 
to its low weight, cotton clothing does 
not have a sufficient protective function 

without subsequent treatment with the 
so-called UV blockers. Our study was 
based on the following findings of other 
researches:
n The construction of protective cloth-

ing should include an optimal com-
bination of the following parameters: 
thickness, density, mass per unit area, 
weave and type of yarn used, which 
all together influence the most impor-
tant property of textiles, i.e. their po-
rosity (cover factor) [3, 4, 7, 8]. The 
weight and thickness of the material 
are another two factors which should 
be monitored. As a rule, fabrics with 
a higher weight and thickness absorb 
a higher amount of UV rays and, as 
a result, provide better protection. 
This fact is in contradiction with our 
purpose of making lightweight and 
thin clothing which would be able to 
block UV rays in summer time when 
UV radiation is the most intense. It 
should be noted that a higher weight 
and thickness do not always mean the 
higher compactness and closeness of a 
textile material.

n Researches have shown that fabrics 
woven in sateen weaves provide the 
best UV protection (in comparison 
with twills and weaves similar to plain 
weave) [9]. This can be explained by 
the composition of sateen weaves, 
which have the highest cover factor 
due to the specific arrangement of in-
terlacing points, and also a different 
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Abstract
The purpose of the research presented was to analyse the influence of the fabric surface 
cover factor and fabric colour values on the degree of UV ray transmittance and the UV 
protective factor (UPF). The research was carried out on lightweight coloured fabrics 
woven in sateen weave with different densities of warp and weft threads and with different 
colours in the weft. Measurements of the UPF were performed using the “in vitro” method 
in the range of UVA and UVB ray wavelengths, from 280 to 400 nm. The results of the 
research confirm the importance of the fabric surface openness for the UV protective factor 
and expose the influence of the fabric face and reverse sides as well as of colour values L*, 
C*ab, hab of warp and weft threads on the UPF in sufficiently closed woven constructions. 
Namely, constructions with less than the 5% surface openness offer excellent protection 
(UPF above 50), whereas constructions with less than 10% surface openness offer good to 
very good protection (a UPF above 20). At coverage higher than 95%, the fabrics analysed 
could be generally divided into three groups with respect to the effectiveness of their UV 
protection: fabrics of darker colours (black, blue) with extremely high UPF values, fabrics 
of chromatic lighter colours (yellow, red, green) with UPF values half of those of darker 
colours in general, and white fabrics (bleached) in which the desired UPF values are not 
reached regardless of the degree of the cover factor. 
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UPF.

n Introduction
During the last decades, awareness of 
the effects and consequences of UV ra-
diation, which have become even more 
damaging (different degrees of skin dam-
age, including skin cancer) due to the 
thinning of the ozone layer, have led to 
an increased number and better quality of 
researches focused on protection against 
UV rays. Today, preventive measures are 
mostly recommended for defence and 
protection, such as avoiding exposure to 
UV rays (especially when their intensity 
is the highest), using natural and artificial 
protective shades, wearing suitable cloth-
ing, and last but not least, applying sun-
screens. Effective protection can be the 
result of the activity of only one protec-
tive factor or of a combination of more 
factors. The paper is focused on UV pro-
tection obtained by wearing lightweight 
summer clothing, which would be fash-
ionable, coloured or figured, comfortable 
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shape of pores from twills and weaves 
similar to plain weave.

n The UV protection of differently col-
oured textiles or fibres is primarily in-
fluenced by the absorbing properties of 
dyestuffs within the UV range, which 
also depend on the dyestuff concen-
tration. Thus, darker textiles are better 
absorbers than lighter textiles of the 
same construction [1, 10 - 12].

n Besides dyeing, there are other ad-
ditional processes for textiles which 
have an impact on the chemical struc-
ture of fibres. The already mentioned 
studies of scientists Crews et al. [5] 
and Curiskisa, J. & Pailthorpe M. [6], 
in which they investigated the effect 
of bleaching, prove that bleaching 
considerably increases the transmit-
tance of cotton textiles and aggravates 
their UV protection.

n On the basis of these findings, the 
aim of the research presented was to 
analyse, the possibility of imparting 
efficient UV protective properties to 
cotton textile products by selecting an 
adequate construction and proper col-
our. Experiments were performed on 
lightweight fabrics of sateen weave. 
By changing the warp and weft den-
sity and the weft colour, we changed 
the mass per unit area and openness of 
the samples and, consequently, influ-
enced the change in the colour values 
of the woven fabrics. Our intention 
was to find out:How and to what de-
gree the surface openness (opposite to 
the cover factor) influences UV radia-
tion protection.

n At what degree of the surface open-
ness/closeness sufficient protection is 
achieved, and at what degree excellent 
protection is achieved.

n At what degree of the surface open-
ness/closeness the effects of differ-
ently coloured threads are manifested

n To what degree the colour effect of 
differently coloured threads influenc-
es UV radiation protection, which is 
also important for designing two- or 
multi-colour jacquard patterns?

n Theoretical part
UV radiation
Ultraviolet rays (UV), the natural source 
of which is the sun, represent light of 
wavelengths from 100 to 400 nm of the 
electromagnetic spectrum. Ultraviolet 
spectral bands (UVA: 315 - 400 nm, UVB: 
280 - 315 nm, UVC: 100 - 280 nm, far 
UV radiation and vacuum UV radiation), 

which all together represent the total UV 
radiation, differ in wavelength, energy 
and the effects they have on the cells of 
living beings. Vacuum, far UV and UVC 
radiation are energetically the most in-
tensive; however, they do not reach the 
earth but are completely absorbed by the 
layer of atmosphere. The most impor-
tant for research are the UVB and UVA 
bands, which are partly absorbed by the 
atmosphere - more UVB than UVA. This 
part of radiation reaches the earth and 
has by far more negative effects, such as 
photochemical damages to cellular DNA 
(UVB), erythema (sunburns), skin tough-
ening and ageing, cataracts, and various 
types of skin cancer than positive effects 
(synthesis of vitamin D) [1, 13]. 

Cover factor and UV ray 
transmittance of textile material 
Protective clothing is deemed a basic 
and the most advantageous method of 
protection against UV radiation, which 
protects a large part of the human body 
and has practically no side effects. Pro-
tective clothing should have as high UV 
ray reflecting and/or absorbing properties 
as possible so that it prevents UV rays 
from reaching the skin and threatening 
the human body. The key property for 
determining the quality of clothing pro-
tection (textile) is its transmittance. The 
transmittance of UV rays through textile 
material is defined as the ratio of the to-
tal amount of incidental UV rays in a de-
fined wavelength range to the amount of 
transmitted UV rays reaching the skin.

Absorbing, transmitting and reflecting 
the properties of fabrics are determined 
primarily by the constructional param-
eters of textiles, such as the thickness, 
density, mass per unit area, weave and 
type of yarn, which all together influ-
ence the most important parameter – the 
porosity of fabrics or their cover factor  

[3, 4, 7, 8]. The cover factor is defined as 
the percentage of the fabric surface cov-
ered with warp O and weft W threads, or as 
a sum of the cover factor (share) of warp 
threads Uo and weft threads Uw threads 
(Uo + Uw), decreased for their cover sec-
tion (Uo × Uw). The cover factor is cal-
culated from the diameter of the warp 
and weft threads (do and dw) and distance 
between warp and weft threads 1/go and  
1/gw [14 - 16]. Figure 1.a shows the phe-
nomena which might occur during the 
interaction between light and textile ma-
terial, in which case Equation (1) applies. 
Incidental light Io, which is refracted in 
fibre Ii, is the sum of reflected light on 
surface Ir, absorbed light in fibres Ia, and 
scattered light on particles Is and trans-
mitted light It [14]. Figure 1.b shows the 
scheme of the cover factor and contents 
of individual colour threads, which can 
be calculated with Equation (2) [14 - 16]. 
The sum of all shares of individual colour 
threads results in the cover factor of wo-
ven fabrics. Meanwhile, the open surface 
of the fabric is the one that is not covered 
with warp and weft threads. 

Io = Ir + Ia + Is + It          (1)

Ui = 
uon,ot . non,wt + uwn,wt . nwt,wi +

      
noi                             (2)

+ 
uwn,ot . not,wi + uon,wt . nwt,oi    

     
nwi

In Equation (2) Ui is the content of indi-
vidual colour thread (warp o, weft w); n 
is the number of all points in a colour re-
peat; uon,ot is the content of warp thread 
colour at the warp interlacing point; not,oi 
is the number of warp points on the i col-
our warp threads; uon,wt is the content of 
warp thread colour at the weft interlacing 
point; nwt,oi is the number of weft points 
on the i colour warp threads; noi is the 
sum of warp and weft points on the i col-
our warp threads = not,oi + nwt,oi; uwn,ot 

Figure 1. Interaction of light and textile material (a) [17] and scheme of the cover factor 
and open surface (b) [14, 15].

a) b)
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g/m2; which were determined according 
to ISO 3801 are given in Table 2. The 
fabric constructional parameter report is 
based on 5 specimens per sample.

All fabrics in sateen weave with differ-
ent constructional parameters were made 
with blue warp and differently coloured 
wefts: blue, red, yellow, green, black, 
and white. The colour values L*, a*, b* 
of the warp and weft threads, and the  
dyestuffs/bleaching agent used are listed 
in Table 3.

n Work methods
Measurements and calculation of open 
surface
The values of open surface/shining 
throughout the area (opposite to the cov-
er factor) of the fabrics was determined 
theoretically by using a geometrical 
model and related theoretical equations 
given in the theoretical part [14 - 16]. 
The constructional parameters of the 
fabrics were considered, such as warp 
and weft thread density, warp and weft 

yarn thickness (thread fineness), and the 
weave or the ratio of warp to weft points 
in the weave repeat. These constructional 
parameters enabled the calculation of the 
coverage percentage of warp threads Uo 
in %, weft threads Uw in %, and surface 
openness Up in %, which is given in Ta-
ble 2. It should be noted that deforma-
tions, which occur at threads interlacing, 
were not considered, therefore it is most 
probable that the actual value of the open 
surface was lower than the theoretically 
calculated one. This particularly applies 
to the samples with a maximum density 
in which a mistake in the theoretically 
calculated open surface would be the 
largest. The way that threads interlace 
in sateen weave also provides the maxi-
mum cover factor of weft threads, which 
also occurs due to deformations of these 
threads, the result of which is an increase 
in the thickness of the fabric. However, 
preliminary research on the reliability of 
this theoretical model gave an excellent 
correlation between the theoretically pre-
dicted cover factor of simple weaves and 
experimental results determined with im-
age analysis [21]. 

is the content of weft thread colour at 
the warp interlacing point; not,wi is the 
number of warp points on the i colour; 
uwn,wt is the content of weft thread col-
our at the weft interlacing point; nwt,wi 
is the number of weft points on the i 
colour wefts; nwi is the number of warp 
and the weft points on the i colour wefts  
= not,wi + nwt,wi. Equation (2) is actually 
the transform of the simple equation of 
cover factor (dogo + dwgw - dogo . dwgw)
in the case of different colours of warp 
and weft threads, and when the calcu-
lating cover factor, different colours of 
warp and weft threads are taken into ac-
count [14 - 16]. 

Ultraviolet protective factor (UPF)
The ultraviolet protective factor (UPF) is 
a numerical value which represents the 
degree of protection against UV rays pro-
vided by clothing. It is defined as the ratio 
of the amount of time needed to produce 
damage on skin protected with a textile 
material to the amount of time needed 
to produce such damage on unprotected 
skin. UPF is calculated by using Equation 
(3), where El is the relative erythema ef-
ficiency, Sl is the spectral radiation, Tl is 
the mean measured transmittance of the 
sample, Dl is the measured wavelength 
interval in nm, and λ is the wavelength in 
nm [18 - 20]. 
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Classification of UPF values in conform-
ity with Australian and New Zealand 
standards is presented in Table 1 [19].

n Experimental part
Materials
The samples used for the research were 
designed and woven in eight-end sateen 
weave - 37

1 ZS . Their constructional 
parameters and some physical properties 
are given in Table 2. The construction of 
the yarn used for warp and weft was iden-
tical: material – mercerised cotton, fine-
ness - 8 × 2 tex, twists -1140/m S, mean 
value of the diameter of non-deformed 
threads - d = 0.187mm (CV = 14.179%). 

Constructional and physical parameters 
of fabrics: density of warp threads go 
in threads/cm and weft threads gw in 
threads/cm, theoretical shares of warp 
threads Uo in %, weft threads Uw in % 
(for face and reverse side), and open 
surfaces Up in %, mass per unit area in  

Table 1. Classification of textiles by UPF.

UPF range Classification UV radiation transmittance, % UPF labelling
15 - 24 good protection 6.7 - 4.2 15, 20
25 - 39 very good protection 4.1 - 2.6 25, 30, 35

40 - 50, 50+ excellent protection < 2.5 40, 45, 50, 50+

Table 2. Constructional and physical parameters, shares of warp and weft threads, and 
openness of the fabrics investigated.

No. of 
sample

Weave go, gw, m, Face side Back side
Face 
Back

warp 
thr./cm

weft 
thr./cm g/m2 CV, % Uo, % Uw, % Up, % Uo, % Uw, % Up, %

1 40.0 59.0 158.0 0.8 0.15 99.85 0.00 61.83 38.17 0.00
2 40.0 42.0 131.2 1.1 23.45 71.08 5.47 67.35 27.18 5.47
3 40.0 35.0 120.0 0.7 31.98 59.24 8.78 68.57 22.65 8.78
4 40.0 29.0 110.4 1.9 39.29 49.08 11.63 69.60 18.77 11.63
5 40.0 24.0 102.4 0.9 45.40 40.62 13.98 70.49 15.53 13.98
6 36.0 28.0 102.4 1.0 36.46 47.88 15.66 62.81 21.53 15.66
7 31.0 24.0 88.0 2.0 35.18 41.56 23.26 54.62 22.12 23.26

Table 3. Colour values and dyestuffs/bleaching agent of the warp and weft threads.

Thread Colour L* a* b* Dyestuff/bleaching agent

Warp, Weft blue 22.82 9.67 -34.55 Cibacron brillantblau FN-G
Cibacron rot FN-R

Weft

red 37.63 47.22 16.70
Drimaren orange 4 GL
Drimaren brillantrot K-4BL
Drimaren rubinol K5 BL

yellow 83.38 -0.39 79.36 Drimaren brillantgelb K-3GL

green 38.05 -21.58 9.99 Cibacron gelb F4G
Cibacron blau FR

black 14.66 0.13 -2.03 Cibacron schwarz C-NN
Cibacron marine FN-B

white 96.79 4.56 -17.82 Hydrogen peroxide
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Measurements of transmittance and 
reflectance
UV transmittance and reflectance values 
were measured using a Varian Cary 1E 
UV/VIS spectrophotometer, following 
the instructions of the AATCC stand-
ard [22]. From the UV transmittance and 
reflectance values, related values of UV 
absorbance and UPF were calculated 
by using Equation (3). The protective 
efficiency of the samples investigated 
was measured by the “in vitro” method. 
The transmittance and reflectance were 
measured by the spectrophotometer at 
intervals of 2 nm and within a wave-
length range from 200 nm to 700 nm. 
For evaluation of the data concerning 
UPF values, transmittance, reflectance 
and absorbance, only values obtained for 
wavelengths 280 to 400 nm were taken 
into account. Measurements were car-
ried out on each individual sample on its 
face side and reverse side in the warp and 
weft direction (5 measurements for each 
sample). Further analysis of the results 
considered the values of transmittance 
across the entire UV range and mean 
values of measurements in the warp and 
weft direction. 

Measurements of colour values  
of surfaces
Colour values of the warp and weft threads 
of the woven fabrics were determined spec-
trophotometrically in conformity with the 
European standard for colorimetry - EN 
ISO 105-J01 [23] using a Spectraflash 
SF 600 Plus-CT (Datacolor) spectropho-
tometer and Dcshell (Datacolor) software. 
Measurement parameters were D65, 10°, 
D/8, mean diameter of the round meas-
uring opening 2 cm, mirror reflection in-
cluded, 10 measurements.

Results of measurements
Due to a lack of space, the mean values 
of the measurements of transmittance - T, 
reflectance – R, the ultraviolet protec-
tive factor – UPF calculated for the face 
and reverse side of the samples and col-
our values L*, a* and b* evaluated for 
the face and reverse side of the samples 
will be given as figures based on the data 
mentioned in the discussion part. If read-
ers want to see the exact data, they can 
obtain it from the authors in the form of 
fairly large tables, also containing the co-
efficient of variation for every measure-
ment.

n Discussion
Influence of the surface cover factor 
on the protective factor value
The influence of the open surface on the 
UV transmittance of the samples and, 
consequently, on their UPF is presented 
in Table 4 and Figure 2. It is evident that 
all samples made of coloured threads 
achieve, regardless of the colour, trans-
mittance values lower than 2% at about 
9% of the open surface Up and values of 
about 1% at 5.5% of the open surface, 
which means the UPF value is about 100. 
Due to the non-absorbance of UV rays, 
the colour white provides insufficient 
protection across the entire range. The 
trend line (presented as a disconnected 
curve) clearly shows the parallel course 
of the curve of samples with white weft 
to other curves. The trend lines of other 
curves are not presented because they 
would spoil the appearance of the entire 
figure due to the overlapping of individ-
ual curves. 

Samples 5 and 6 have the same mass per 
unit area, i.e. 102.4 g/m2 (Table 2); how-
ever, their open surface differs by 1.68%, 
(13.98% and 15.66%) which results in a 
difference in transmittance of up to even 
1.87% on average and, consequently, in a 
different protective factor of the samples 
made of different coloured threads (in-
cluding fabrics with white weft threads). 
This proves that an open surface has a 
predominant influence on UV protection, 
and that the weight and thickness of a 
material, just like colours, have an influ-
ence only when open surfaces are equal 
and small enough. 

Due to an extremely low degree of UV ray 
absorbance, the samples with white wefts 
do not provide sufficient protection, not 

even in the most tightly woven samples, 
despite the fact that in the fabric structure 
white wefts mix with blue warp threads, 
which have inherently good absorbing 
properties. The samples with the highest 
weft density, 59 wefts/cm, achieve 4.94% 
transmittance or a UPF value of 18.78 on 
the face side. This proves the importance 
of colour, its values and the effect of 
bleaching on UV radiation protection.

The correlation coefficients between the 
transmittance T in % and open surface Up 
in % for samples with different colours 
of weft threads are presented in Figure 3. 
Correlation coefficients rxy 1 – 7 were 
calculated from all samples - from sam-
ple no. 1 to sample no. 7, while values  
rxy 2 – 7 were calculated without consider-
ing sample no. 1 with the most closed sur-
face (go = 40.0 thr./cm, gw = 59.0 thr./cm,  
Up =0.00%).

The correlation coefficients between 
the UPF and open surface Up in % for 
samples with a different colour of weft 
threads are presented in Figure 4. Cor-
relation coefficients rxy 1 – 7 were cal-
culated for all samples - for sample no. 1 
to sample no. 7. Correlation coefficients 
rxy 2 – 7 and 3 – 7 were calculated with-
out considering samples no. 1 and 2 with 
the most closed surface (sample no. 1:  
go = 40.0, gw = 59.0, Up =0.00%, sample  
no. 2: go = 40.0, gw = 42.0, Up = 5.47%), 
while values rxy 1 – 5 were calculated 
from measurements of samples no. 1 – 5.

If we compare correlation coefficients 
between the transmittance and open sur-
face (Figure 3), and between the UPF 
and open surface (Figure 4) of all seven 
samples, we find out that in the first case 
the correlation coefficients range around 
a positive value of 0.95, and in the latter 

Figure 2. UV ray 
t r a n s m i t t a n c e 
through samples 
with differently col-
oured wefts with de-
pendence on their 
open surface.
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case around a mean value of only -0.75. 
Since the UPF is a direct opposite function 
of the transmittance, the opposite sign of 
correlation coefficients is expected; how-
ever, we would expect lower differences 
between the values of correlation coef-
ficients. Such high a difference between 
the values of correlation coefficients in 
the case of the transmittance and UPF 
can be explained by the fact that the real 
value of the open surface is lower than 
the theoretically calculated value. More-
over, the difference can also be attributed 
to the fact that besides the open surface, 
which has the most important role, it is 
also the weft colour which contributes to 
the UPF. Thus, the comparison of corre-
lation coefficients between the transmit-
tance and open surface of samples 1 – 7 
and 2 – 7 (Figure 3) shows that the value 
of correlation coefficient increases by ap-
proximately 3% of its mean value when 
samples 1 (with the most closed surface) 
are excluded from the analysis. By omit-
ting the measurements for sample 1, in 
which the colour of the material is most 
pronounced, the correlation between the 
transmittance and open surface slightly 
improves, and the correlation between 
the UPF and open surface improves by 
8 to 18% and reaches a mean value of 
about -0.83. If only samples 3 – 7 are 
considered, the correlation coefficient 
between the UPF and open surface in-
creases by a further 12% to the value of 
about 0.91. By omitting sample 1 first, 
and then samples 1 and 2, we tried to 
show how the correlation between the 
transmittance and UPF increases with an 
increase in the open surface, and how the 
UPF becomes less and less dependent on 

the thread colour. Moreover, it must also 
be stated that the statistical reliability of 
the correlation was confirmed by a t-test. 
In the case of the correlation between the 
transmittance and open surface, the t-test 
shows that there is more than 99% sta-
tistical certainty, which proves the strong 
connection between both parameters. On 
the other hand, the correlation between 
the UPF and open surface would be fur-
ther proved with a greater number of 
measurements.

In Figure 4 only the correlation between 
the UPF and open surface for samples  
1 – 5 is presented. The correlation coef-
ficients are higher than in the case where 
all samples are considered and achieve 
a mean value of about -0.87, i.e. very 
close to the value of the correlation coef-
ficient in the case of samples 2 – 7. In 
this analysis samples 6 and 7 are omitted 
as they contain relatively different shares 
of coloured warp and weft threads than 
the first five samples - 1 – 5, in which the 
share of warp threads steadily increases 
(Table 2; values of Uo from 0.15% to 
45.40%), and the share of weft threads 
is decreases (values of Uw from 99.85% 
to 40.62%). This is further proof that the 
ratio of colours of warp and weft threads 
on a fabric surface influences the reflect-
ance, absorbance and transmittance of 
UV rays. Since only mean transmittance 
and UPF values, which were calculated 
on the basis of measurements on the face 
and reverse sides of fabrics, are consid-
ered in the cases presented in Table 4 (see 
page 52) and Figures 3 & 4, we will try 
to analyse more precisely the influence of 
colour on the basis of the measurements 

on the face side and measurements on the 
reverse side of the samples separately. 

Influence of colour values of threads 
and woven surfaces on the protective 
factor value
The influence of thread colour and colour 
surface values on the UPF was investi-
gated in two ways: first, by the integral 
investigation of all measured data, and 
second, by the investigation of the data 
obtained when the open surface of the fab-
rics is very small, and the protective func-
tions of the colours are more expressed.

Figure 5 deals integrally with all data 
concerning the transmittance and reflect-
ance of the samples measured on the face 
side of the fabrics (samples with white 
weft threads were not included in the 
analysis). It gives an explanation why in 
cases where the open surface values are 
higher than approximately 15.5%, the 
reflectance of the samples begins to fall, 
regardless of colour. The reason can be 
found in the interdependence of the open 
surface, reflectance and transmittance, 
which is presented in Figure 5. We can 
conclude that the curves have practi-
cally three zones: the first zone (from  
0 to 5.47% of the open surface) where due 
to the high cover factor of warp and weft 
threads, the transmittance and reflectance 
are at first low and then increase; the sec-
ond zone (from 5.47 to 15.66% of open 
surface) where the reflectance is almost 
constant, and the transmittance increases 
almost proportionally with an increase in 
the open surface; and the third zone (more 
than 15.66% of open surface) where the 
reflectance decreases, and the transmit-

Figure 3. Correlation coefficient values rxy between UV ray 
transmittance through samples made of differently coloured wefts 
and the theoretical value of the open surface Up.

Figure 4. Correlation coefficients between the UPF on the face side 
of samples made of differently coloured wefts and the theor. size of the 
open surface by considering various intervals of the open surfaces.
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tance increases at almost the same rate, 
therefore their sum (R + T) remains prac-
tically constant all the time with only a 
slight tendency to fall. 

Differences between the reflectance val-
ues of samples with different weft col-

ours, which occur in the area of constant 
reflectance, range, with dependence on 
the colour, from 8% in the case of black 
weft to 12% in the case of blue weft. The 
reflectance values of samples with all 
other colours in weft are within the inter-
val of 4%. It is very difficult to estimate 

the influence of an individual colour and 
its relation to the UPF because reflect-
ance values are mainly influenced by the 
quality of the surface and shares of col-
our threads on the face side of a fabric, 
whereas absorbance values are strongly 
influenced by threads located deep in the 

Figure 5. Diagram of reflectance R, transmittance T and the sum of 
the reflectance and transmittance R+T of samples made of coloured 
threads, measured on the face side with dependence on their open 
surface Up.

Figure 6. Diagram of reflectance R, transmittance T and the sum 
of the reflectance and transmittance R + T of samples made of col-
oured threads, measured on the reverse side with dependence on 
their open surface Up.

Figure 7. (a) UPF (left y axis) and transmittance T (right y axis) of face F and back B side of samples made of coloured threads with 
dependence on the open surface Up; (b) UPF (left y axis) and transmittance (right y axis) of samples made of coloured threads within the 
range of the open surface, from 0 to 5.47% of the open surface.

a) b)
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fabric and their absorbing properties, pro-
vided, of course, that the the difference 
between 100% radiation and the sum of 
the measured transmittance and reflect-
ance is taken into consideration. Howev-
er, it is expected that the extent of the in-
fluence of thread colour is exhibited only 
in the absorbing properties of coloured 
threads, in which dyestuff molecules 
have a contribution. The phenomena 
presented in Figure 5 (see page 51) are 
repeated in Figure 6 (see page 51) with 
the only difference that the curves are 
much closer, because the latter presents 
the connection between the open surface, 
reflectance and transmittance on the back 
side of the fabrics. The total difference 
in reflectance, which ranged around 4% 
in the case of the face side (from 5.47 to 
15.66% of open surface), is only 1% on 
the reverse side. The reason is that on the 
reverse sides of all samples, it is the warp 
effect with predominating blue warp 
threads which has the largest share on 
the surface, from about 54.62 to 70.49%. 
Thus, these threads uniformly and mostly 
contribute to the reflectance, absorbance 
and UPF of all samples, which conse-
quently results in much more equalized 
values than in the case of the face side.

Figure 7.a (see page 51) presents loga-
rithmic UPF mean values and transmit-
tance of the samples made of coloured 
threads (without samples of white colour) 
with dependence on their open surface Up 
(results for the reverse side of the samples 
are presented as a disconnected line). It 
is evident that the colour of the samples 
does not contribute substantially to the 
UPF when the open surface is higher than 
5.47%. Differences between colours ex-
ist but are not so obvious as in the case of 
samples with an open surface lower than 
5.47%. Anyway, the UPF exceeds 50 (a 
logarithmic value of 1.69) at 8.78% of 
the open surface regardless of the colour 
(the exception being white weft). On the 
contrary, when values of the open sur-
face are lower than 5.47%, the influence 
of thread colour increases sharply, and 
for a completely closed surface, the dif-
ferences between individual samples on 
the face and reverse side are more than 
obvious. This part is separately presented 
in Figure 7.b (see page 51), in which 
the order of individual coloured sam-
ples with respect to their UPF is evident. 

The changes in the UPF values of sam-
ples of different weft colour are signifi-
cantly below 5.47% of the open surface 
(depending on the colour). The order of 

the UPF values of the samples by col-
our is the following: black, blue, red, 
yellow and green on the face side, and 
blue, black, red, yellow and green on the 
reverse side. On the face side the differ-
ences between the UPF values of samples 
of different weft thread colour are very 
high (for the sample with blue and green 
wefts, the difference in the UPF value is 
higher than 1500 when the open surface 
is minimal), and substantially lower on 
the reverse side, which was expected and 
is in accordance with the previously ob-
tained results of reflectance. What is in-
teresting is the high difference between 
UPF values of the face and reverse sides 
of the samples, which can be noticed in 
samples with blue weft threads and blue 
warp threads. Obviously, in this case the 
composition of weaves and the interlac-
ing of threads play an important role in 
UV protection. As regards the influence 
of colour on UPF values, we can see that 
the changes in the UPF values of the re-
verse side of the blue/black thread combi-
nation are almost the same as the changes 
in these values for the reverse side of the 
blue/blue combination of threads, al-
though the transmittance curves of these 
samples are relatively different. Thus, 
as regards the transmission presented in 
Figure 7.b (see page 51), the lines that 
present the face and reverse sides of the 

blue black combination of threads are 
almost parallel and separated from the 
others, whereas all the other lines lie at 
narrow limited intervals, slightly running 
apart. For samples with all weft colours 
except green, the transmittance is lower 
on the face side than on the back .

A more detailed analysis of the influence 
of individual colour values on the UPF 
was carried out on the basis of Table 4, in 
which colour values L*, C*ab and hab of 
the face and reverse sides of samples 1, 
2 and 3 with 0.0%, 5.47% and 8.78% of 
the open surface and with different col-
ours of weft threads are presented. The 
table presents the correlation coefficients 
rxy between individual colour values L*, 
C*ab, hab and UPF values of samples 
with all colours of weft threads (includ-
ing samples with white weft threads) and 
samples without white threads. 

Comparison of the results was made only 
between the colour values of face and re-
verse sides with the same percentages of 
open surface. Table 4 shows correlation 
coefficients between all three colour val-
ues, L*, C*ab, hab, and open surface Up: 
however, only some of these results are 
relevant for the research. As expected, on 
face side the correlation between the pa-
rameters analysed was more pronounced 

Table 4. Colour values L*, C*ab and hab and correlation coefficients rxy between the colour 
values and UPF of the samples of groups 1, 2 and 3 with different colours of weft threads.

Sample Open 
surface, % Weft Colour

Face Back
L* C*ab hab, rd L* C*ab hab (rd)

1 0.0

black 16.02 4.25 4.82 39.91 27.73 4.92
blue 23.51 36.82 4.98 25.44 35.91 4.96

green 38.70 21.70 2.87 29.65 24.18 4.69
yellow 72.89 59.81 1.69 38.13 10.31 4.61

red 37.30 45.25 0.28 27.96 30.07 5.25
white 78.17 11.51 4.91 39.91 27.74 4.92
rxy all -0.86 -0.22 0.32 -0.30 0.39 0.17

rxy without white -0.76 -0.68 0.80 0.03 0.62 0.28

2 5.47

black 16.29 7.16 4.85 36.55 29.45 4.93
blue 23.51 36.69 4.98 25.22 35.94 4.96

green 37.78 19.71 2.95 28.24 26.84 4.77
yellow 67.75 51.55 1.72 34.29 16.79 4.76

red 35.45 40.70 0.20 27.05 31.45 5.16
white 72.28 12.74 4.91 36.55 29.45 4.93
rxy all -0.84 0.01 -0.06 -0.37 0.07 -0.05

rxy without white -0.78 -0.95 0.76 0.26 0.36 -0.08

3 8.78

black 16.74 10.58 4.87 33.86 30.93 4.93
blue 23.31 36.25 4.98 24.97 35.79 4.96

green 36.31 17.53 3.09 27.48 27.95 4.80
yellow 63.21 43.87 1.74 32.92 18.80 4.79

red 34.09 36.83 0.10 26.27 31.91 5.12
white 67.24 13.75 4.91 33.86 30.93 4.93
rxy all -0.81 0.24 -0.20 -0.41 0.08 0.13

rxy without white -0.92 -0.76 0.72 0.13 0.66 0.50
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as in the case of the reverse side. This ex-
plains that changes in colour values L*, 
a*, b* and, consequently, C*ab and hab 
on the face sides of the samples due to 
changes in weft colour, in fact, correlate 
with the UPF value, while this is not the 
case for the reverse side of samples where 
constant blue warp threads have a more 
predominant and constant colour effect. 
Moreover, the lightness L* of samples of 
different weft colour shows, in general, a 
higher mathematical connection in rela-
tion to the open surface than to chroma 
C*ab and hue hab. It must be stated that 
the results of the t-test for 99% statisti-
cal reliability of correlation coefficients, 
in general, show the necessity of more 
measurements, which should be included 
in the analysis., while the results of the 
t-test for 95% statistical reliability of cor-
relation coefficients were satisfactory. As 
a consequence, where the value of corre-
lation coefficients was high enough (over 
± 0.60), the presence of a mathematical 
correlation between the values analysed 
was highlighted.

The results show a highly negative cor-
relation between the colour lightness 
L* and the UPF on the face side of the 
samples, either in the case of all col-
ours being considered or in the case of 
the colour white being omitted from the 
correlation. Thus, the darker the colour, 
the higher the UPF value is, which can 
somehow correspond to expectations that 
for darker colours the amount of dyestuff 
used is higher and, consequently, the 
UPF value increases. With an increase in 
the surface openness, the degree of cor-
relation between the colour lightness L* 
of all samples on the face side, as well as 
the UPF value, decreases. When samples 
with white threads are excluded from the 
analysis, the correlation increases with an 
increase in the open surface from 0.00% 
to 8.78%. The correlation between the 
colour lightness and UPF value on the 
reverse side is negative and increas-
ing, but still less than half of that on the 
face side if all colours (also white) are 
considered, and minimal or even posi-
tive if the colour white is omitted from 
the correlation. This can be explained 
by the construction of fabric in sateen 
weave. To simplify, sateen is a double-
layer fabric in which in the cases of 0% 
and 5.47% of the open surface, denser 
weft threads of different colours pre-
dominate on the face side, whereas warp 
threads of blue colour predominate on 
the reverse side (go – 40, 40 threads/cm;  
gw – 59, 42 threads/cm), whereas in the 

case of 8.78% of the open surface, the 
situation is opposite (go – 40 threads/cm, 
gw – 35 threads/cm).Differences in re-
flectance and absorbance (consequently, 
also differences in UPF values) occur 
primarily when wefts of different colours 
appear on the face side and constant blue 
warp is on the reverse side, while differ-
ences in reflectance and absorbance are 
lower in the case of the reverse side be-
cause of the constant blue colour of warp 
threads. The difference in the absorbance 
of the face and reverse sides is important 
and achieves a value of 1.04% in samples 
woven in the blue warp/blue weft combi-
nation when the open surface is minimal, 
a value of 0.06% in the case of 5.47% of 
the open surface, and a value 0.6% in the 
case of 8.78% of the open surface. In the 
sample made of the black weft/blue warp 
combination, these differences are higher 
still, i.e. 4.12%, 3.94% and 3.95%. These 
data can be calculated from the transmit-
tance and reflectance values, which are 
presented in Table 4. 

Furthermore, Table 4 shows that there is 
also acorrelation between colour chroma 
C*ab, hue hab and the UPF value on the 
face side of the samples, but is obviously 
smaller than with respect to the lightness, 
and relevant only if samples with a white 
weft colour are omitted. However, the 
correlation between colour chroma C*ab 
and colour hue hab and the UPF value has 
a negative tendency in the case presented 
and should, for more accurate analysis, 
include the systematic changes in the 
chroma values of a colour with a con-
stant colour hue, or systematic changes 
in a hue colour of unchangeable chroma. 
For the same reasons as with colour light-
ness, the correlation between the chroma, 
hue and UPF values on the reverse side 
is not sufficient, which is presented with 
low values of correlation coefficients.

n Conclusion
The open surface which is taken into ac-
count in the paper has been theoretically 
calculated. In fact, the real open surface of 
individual samples was probably smaller 
than the calculated one, primarily due to 
the deformation of the theoretically cal-
culated diameter of the threads. The dif-
ferences would be the highest in samples 
with the highest thread density. In spite 
of all this,, a theoretically calculated open 
surface has been applied in the research, 
because preliminary research on the reli-
ability of this theoretical model gave an 

excellent correlation between the theo-
retically predicted cover factor of weaves 
and experimental results determined 
with image analysis. Consequently, it is 
not expected that the accuracy of a real 
open surface would negatively affect the 
results presented and conclusions of the 
discussion. However, it is most probable 
that the correlations and relations can be 
further supported.

On the basis of the researches carried out 
(designed samples, measurements per-
formed, their statistical processing and 
analysis), the following conclusions can 
be made:
n The influence of the surface openness/

closeness is a deciding factor in a fab-
ric’s UV ray protection. 

n	A theoretical surface openness higher 
than approximately 8% does not pro-
vide sufficient protection against UV 
radiation. In such cases, the UV pro-
tection is lower than the optimal pro-
tection (a UPF above 50).

n The higher the surface openness, the 
lower or more negligible the influenc-
es of other factors on UPF values are.

n The colour of a fabric plays an impor-
tant role in UV ray protection in the 
samples with a sufficiently closed sur-
face.

n Especially black and blue colours 
exhibit high absorbance in the UV 
wavelength range and provide excel-
lent protection when the samples are 
highly closed (compact). Other chro-
matic colours, such as red, yellow and 
green also offer adequate (very good) 
protection against UV radiation. 

n Comparison of the influence of such 
colour values as the lightness L*, 
chroma C*ab and hue hab on UPF val-
ues highlighted that only lightness can 
be directly mathematically connected 
with the UV protective factor. In our 
research, chroma and hue did not 
show sufficient correlation with UPF 
values. 

n The construction of a fabric in sateen 
weave provides different types of pro-
tection against UV radiation with de-
pendence on the openness/closeness 
of the face side and colour combina-
tion on the face and reverse sides. This 
fact should be considered when sam-
ples with interchanging colours on the 
face and reverse sides, following the 
pattern, are designed.

n The colour white does not provide 
good protection against UV radiation 
regardless of the constructional pa-
rameters of the samples. Even in the 
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most tightly woven and maximally 
covered samples, the UPF is insuffi-
cient due to the bleaching agent and, 
consequently, low UV absorbance. 

By considering the above findings, we 
can also conclude that with proper fab-
ric construction it is possible to produce 
lightweight, summer, fancy and fashion-
able clothing from a fabric with a suf-
ficiently closed surface, which would 
provide adequate UV protection (would 
have a high enough UPF value) even 
without adding any UV blocking or ab-
sorbing agents. This UPF would main-
tain a permanent value which would not 
change considerably through wear and 
care (washing, dry cleaning). Such cloth-
ing could be labelled UV safe clothing 
without any prejudice or hesitation. 
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