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Abstract
In this paper the authors describe the creation of new material packages based on bamboo
textile materials for upper shoe material. These packages were made up of three layers: an
inner layer in the foot skin neighbourhood, outer layer – which contacted with the surrounding
environment, and a medium layer – polyurethane foam of a thickness of 2 mm. Experimetal
tests consisted in the measurement of hygienic parameters (water vapour absorption and
permeability) and some mechanical indicators important from the user’s point of view, like
the elongation property and maximum force at break. The packages based on bamboo materials were compared with a standard composition: cotton – polyurethane foam – cotton.
The results obtained showed, that in a lot of cases, the use of bamboo materials as lining or
an outer layer is a good possibility to improve the hygienic and mechanical properties of
newly formed material compositions.
Key words: bamboo fibers, children footwear, foot prevention.

Introduction
Physiological comfort in footwear use
is one of the most important determinants which describes its ergonomics [1].
This aspect is closely related to the individual requirements of users, which depend on a lot of factors – especially age,
type of physical activity and the inter – individual variability of the human system,
like sweat secretion and thermal sensitivity. Enhanced sweat secretion causes the
effect of an increase in frictional forces
between the foot skin and footwear surface [2]. Correct construction of footwear
should correlate with individual physiological limits. In respect of a child’s foot,
it is known that the epidermal foot layer
is not fully formed. Thus, the probability
of injury as a result of the occurrence of
frictional forces is higher and more dangerous [3-5].
An important element of the functionality
of children’s footwear is also antimicrobial and antifungal prevention. The growth
of microorganisms (bacteria or fungi) in
a shoe interior has an adverse impact on
the health of feet and may cause a lot of
dermatological diseases [6].
Therefore, there is great interest in finding
safe and ecological materials to formulate
new footwear compositions which can
improve the hygienic and parallel mechanical properties of footwear [7-9].
The main goal of this paper was to create
upper combinations based on accessible
bamboo textiles, conduct an investigation of their hygienic and mechanical
properties and make a comparison with
standard cotton materials commonly

used. These measures were done in order to extract a set of bamboo materials
which can be used as an outer (or inner)
layer in a three – layered upper footwear
material.
The fibre and textile industry is a diverse
sector that covers the entire production
chain of transforming natural and chemical fibers into end-use products [10].
The structure of bamboo textiles [11,
12] and their application opportunities as
garment elements have been under scientific consideration over the last two decades [13-15]. Bamboo textiles have a lot
of advantages [16]. From an ecological
point of view bamboo raw materials are
renewable and biodegradable. Moreover,
because bamboo is the fastest growing
plant in the world, irrigation, chemical
pesticides and fertilisers are unnecessary.
From the point of view of fabric properties, the abundance of gaps in the
cross-section of bamboo fibre improve
the absorbance and evaporation of skin
moisture. Another bamboo textile characteristic is soft feel, comparable to cashmere or ramie. From the hygienic point
of view, important is the ability to stay
warm in cool weather and stay cool in
warm weather due to the quick moisture absorption and drying capability. In
a literature review, a lot of examples of
bamboo textile applications were found.
In [17, 18] authors investigated the influence of yarn properties of bamboo fibre
on the air and water vapour permeability
of double – layered weft knitted fabrics
based on regenerated bamboo yarns.
The fabrics based on bamboo fibres were
used as an outer layer of leisure clothing.
In another paper [19] authors determined
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the influence of the loop length and linear
density of yarn on bamboo knitted fabric
properties like air permeability, thermal
resistance and relative water vapour permeability. On the other hand, the moisture management properties of compositions of wool – bamboo were examined
in [20] as a base layer of sportswear. In
work [21], the functional parameters of
lining fabrics, such as the friction coefficient, tensile strength, tensile elongation and water vapour permeability were
evaluated. In paper [22] authors showed
the thermal insulation properties of compositions based on, inter alia, bamboo
fabrics.
This work is the second in a sequence
focused on the possibility of applications
of bamboo fabrics as footwear elements.

Materials and method
In order to examine the mechanical and
hygienic properties of upper materials,
three- layered materials based on bamboo
fabrics were moulded. The set of fabrics
used is listed in Table 1. As a control
sample, a cotton composition (B1/B2)
was used. Polyurethane perforated foam
(with self – adhesive surfaces) of a thickness of 1.2 mm was used as a connection
between two layers of fabrics. The density of perforation was 6 holes per square
inch. In the three – layered composition
prepared, material B1 was substituted by
materials M1 – M7, undertaken to extract
upper bamboo materials. Material B1
was used as an outer layer, while bamboo materials M1 – M7 played the inner
role. The next step was to replace B2 by
materials M1 – M7 in order to check their
lining destination in comparison with B2.
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Table 1. Characteristics of materials with bamboo fibers tested.

The water vapour coefficient describes
the total amount of vapour diffusion
through air gaps of the material tested.

Sample

Material
type

Mass per square metre,
g/m2

Thickness,
mm

Raw composition,
%

M1

Woven

170

0.40

100% bamboo

M2

Woven

500

1.74

100% bamboo

M3

Woven

300

0.61

95% bamboo+5% polyester

M4

Woven

170

0.35

50% bamboo+50% flax

B1
B2
M5

Woven
Woven
Knitted

230
145
290

0.58
0.37
1.20

100% cotton
100% cotton
85% bamboo+15% polyester

M6

Knitted

220

0.38

95% bamboo+5% elastane

M7

Knitted

320

0.86

97% bamboo+3% elastane

Table 2. Characteristics of packed materials tested.
Sample

Mass per square metre,
g/m2

Thickness,
mm

Raw materials,
%

Results and discussion

B1/B2

375

2.77

cotton 100%/PU/cotton 100%

B1/M1

400

2.91

cotton 100%/PU/bamboo 100%

B1/M2

730

4.82

cotton 100%/PU/bamboo 100%

B1/M3

530

3.05

cotton 100%/PU/95% bamboo+5% polyester

B1/M4

400

2.86

cotton 100%/PU/50% bamboo+50% flax

B1/M5

520

4.23

cotton 100%/PU/85% bamboo+15% polyester

B1/M6

450

3.02

cotton 100%/PU/95% bamboo+5% elastane

B1/M7

550

3.30

cotton 100%/PU/97% bamboo+3% elastane

M1/B2

315

2.55

bamboo 100%/PU/cotton 100%

M2/B2

645

4.35

bamboo 100%/PU/cotton 100%

M3/B2

445

2.84

95% bamboo+5% polyester/PU/cotton 100%

M4/B2

315

2.62

50% bamboo+50% flax /PU/cotton 100%

M5/B2

435

3.01

85% bamboo+15% polyester/PU/cotton 100%

M6/B2

365

2.78

95% bamboo+5% elastane/PU/cotton 100%

M7/B2

465

3.15

97% bamboo+3% elastane/PU/cotton 100%

Table 3. Results of hygienic properties of materials tested.
Material compositions used in tests
Control sample

Samples with bamboo
woven fabrics

Samples with bamboo
knitted fabrics

Water vapour
permeability,
mg/cm2·h

Water vapour
absorption,
mg/cm2

Water vapour
coefficient,
mg/cm2

B1/B2

7.72

2.22

64.0

B1/M1

7.06

3.77

60.3

M1/B2

6.03

3.80

52.0

B1/M2

7.54

4.75

65.1

M2/B2

5.22

4.01

45.8

B1/M3

7.34

4.57

63.3

M3/B2

6.91

4.00

59.2

B1/M4

7.42

3.18

62.5

M4/B2

5.05

2.84

43.2

B1/M5

7.67

3.15

64.5

B1/M6

5.62

3.92

48.9

B1/M7

6.18

4.28

53.7

M5/B2

9.72

2.90

80.7

M6/B2

5.47

3.23

47.0

M7/B2

6.27

4.34

54.5

The new compositions formed, listed in
Table 2, were examined with a view to
hygienic and mechanical properties. With
respect to hygienic properties, the water
vapour permeability (WVP) and water
vapour absorption (WVA) were measured
according to methodology described in
the ISO standard [23].
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As a result of the above-mentioned quantities, the water vapour coefficient (WVC)
was calculated according to the following Equation (1):
WVC = t · WVP + WVA
where, t – time (8 hours).

In order to determine mechanical properties, the samples were stretched axially at
a constant velocity equal to 50 mm/min
using a Zwick/Roell Z010 testing machine. The samples were stretched in
two directions: along the weft (or row for
knitted fabrics) and warp (or column for
knitted fabrics). The quantities measured
were the tensile strength, elongation at
the prescribed force, and the maximum
force at break.

(1)

Hygienic properties
The functional properties of footwear
materials have some relationships
between each other. It is necessary to test
hygiene and mechanical properties because these are important indicators for
creating a comfortable and functional final product. Under normal circumstances
the water vapour permeability of materials has a positive correlation relationship
with air permeability, corresponding to
good shoe ventilation between the shoe
interior and external environment, which
is important to improve comfort sensitivity. On the other hand, water vapour permeability has a negative correlation relationship with heat preservation ability.
An important aspect is also antimicrobial
ability because certain microorganisms
grow very well in specific temperature
and humidity conditions [24-26].
In Table 3 the hygienic properties of the
materials tested are summarised. It can be
observed that for the newly formed material compositions, the water vapour absorption was higher than for the control
sample B1/B2 for all compositions with
bamboo fabrics. The differences ranged
between 131% (for M4/B2) and 214%
(for B1/M2) in favour of compositions
made with the use of bamboo materials.
Consequently, water vapour is absorbed
and eliminated to the outer environment
faster than for the B1/B2 composition.
This is the best confirmation of the fact
that fabrics based on bamboo fibres
are better than the standard connection
between a cotton outer and cotton inner
layer, due to the water vapour absorption
property.
Thus, to conclude, it can be seen that all
compositions made with the use of bamboo fabrics are situated over the minimal
FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 6(138)

(B1, B2,
M1-M7)
and
the water vapour absorption for a single material (B1, B2, M1-M7) and
Where, WVAS means the water vapour absorption for a single materialWhere,
WVA
S means

B2
M1-M7.
same parameter
The
for the composition of materials: B1 with B2 or M1-M7. The
WVAC - the same parameter for the composition of materials: B1 with
WVA
C -orthe
values of RF coefficients are shown in Fig. 1 and Fig. 2.

B1vsB1/M7
B1vsB1/M7

B1vsB1/M7
M7vsM7/B2

B1vsB1/M6
B1vsB1/M6
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M6vsM6/B2
Compared pairs
Compared
pairs

Compared pairs
Compared
pairs

values of RF coefficients are shown in Fig. 1 and Fig. 2.
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0.0
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B1vsB1/M1
M1vsM1/B2
B1vsB1/B2
B2vsB2/B2

0.4
0.4

0.8
0.8
RF

1.2
1.2

1.6
1.6

0.0
0.0

0.2 0.4
0.4

RF

To find the statistical significance of differences between the control sample and
each of the other compositions, the T-test
was done at the confidence level α = 0.05.
Exemplary results for water vapour absorption are listed in Table 4.

1.01.2 1.2

1.4
1.6

RF

FigureFig.
1. RF
coefficient between B1 and packages B1/M-B1/M7.
1. RF coefficient between B1 and packages B1/M-B1/M7.

acceptable level (for water vapour permeability it is 2 mg/cm2h for lining materials and 0.8 2 mg/cm2h for the upper layer),
and for the water vapour coefficient it
is 20 mg/cm2 for linings and 15 mg/cm2
for uppers, respectively.

0.6. 0.8 0.8
RF

FigureFig.
2. RF
coefficient between B2, M1-M7 and packages B2/B2,
1. RF coefficient between B1 and packages B1/M-B1/M7.
B2/M1-B2/M7.

Table 4. Water vapour absorption differences between the newly formed composition and
control sample. Note: * means a statistically significant difference at the confidence level
α = 0.05.
Treatment pair

t-value

p-value

B1/B2 vs B1/M1

-15.738

0.004*

B1/B2 vs M1/B2

-4.540

0.045*

B1/B2 vs B1/M2

-17.291

0.003*

B1/B2 vs M2/B2

-11.002

0.008*

B1/B2 vs B1/M3

-7.990

0.015*

B1/B2 vs M3/B2

-7.616

0.017*

B1/B2 vs B1/M4

-1.786

0.216

B1/B2 vs M4/B2

-1.763

0.220

B1/B2 vs B1/M5

-1.589

0.126

B1/B2 vs M5/B2

-6.990

0.020*

B1/B2 vs B1/M6
-17.553
0.003*
As shown in Table 4 water vapour abB1/B2 vs M6/B2
-7.106
0.019*
sorption was changed at a satisfactory
B1/B2 vs B1/M7
-15.312
0.004*
level, as described by the statistically
B1/B2 vs M7/B2
-6.769
0.021*
significant differences for the majority of
B1/B2 vs M7/B2
-6.769
0.021*
compositions. Moreover, according to the
water vapour permeability, the change of have a direct contact with foot skin, and were used in order to improve the mois. 4. water vapour
absorption
was
at a satisfactory level, as described
material
from B1 to
M5changed
for the M5/B2
a high level of absorption gives better ture transport mechanism through the
composition
gives for
a result
the form ofof compositions.
conditions insideMoreover,
the shoe volume. Due multilayer structure. Currently, the wide
ly significant
differences
thein majority
the maximum level of this parameter.
to the high level of the water vapour spectrum of possible configurations of

water vapour permeability, the change of materialpermeability
from B1 tofactor,
M5 all
for ofthethe materials
In order to show the impact of bamboo tested are good for footwear elements
on gives a result
in the form of the maximum level of this parameter.
fabrics on the water vapour absorp(uppers and linings). Currently, the de-

tionbamboo
property,fabrics
the reference
the impact of
on the factor
water(RF)
vapourvelopment
absorption
the
of property,
effective methods
to imbetween a single fabric and its compo-

prove thermal and moisture transfer is
very strong. One of the most important
following Equation (2):
ways is making a material packages in
ation:
order to improve thermo – physiological
𝑊𝑊𝑊𝑊𝑊𝑊
(2) and sensorial comfort. For(2)
𝑅𝑅𝑅𝑅𝑊𝑊𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑊𝑊𝑊𝑊 𝑆𝑆 ,
example, Ren
𝐶𝐶
and Ruckman [27] proved that decreasing
Where, means the water vapour absorp- the thickness of a waterproof membrane
eans the water
vapour absorption for a single material (B1, B2, M1-M7) and
tion for a single material (B1, B2, M1- and outer layer fabric or increasing the
and composition
– the same parameter
for theB1 average
coefficient
e parameter M7)
for the
of materials:
with B2diffusion
or M1-M7.
The of the outer
composition of materials: B1 with B2 or layer and membrane can improve water
ficients are shown
Fig.
1 andofFig.
M1-M7.inThe
values
RF 2.
coefficients vapour transfer out of the fabric. These
are shown in Figures 1 and 2.
three – layered packages were used as
components of waterproof breathable
On the basis of the above-mentioned fabrics for clothing. The same mechanism could be desirable for footwear
B1vsB1/M7 results, it is possible to state that the
following materials: M1, M2, M5, M6, materials in order to improve comfort
B1vsB1/M6
M7 have good properties for the inner sensation. In experimental works done
B1vsB1/M5 layer of the material package. This is an
by Oh [28], hydrophilic and hydrophobic materials in different combinations
B1vsB1/M4 important aspect because inner materials

RF) betweensition
a single
and its
composition
was fabric
calculated,
according
to the was calculated, according to

B1vsB1/M3 FIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 6(138)
B1vsB1/M2
B1vsB1/M1

materials gives a possibility to improve
specific material properties which are
necessary from a physiological comfort
point of view. In paper [29] the authors
presented results obtained for two – layer systems composed of fabrics made of
synthetic and hygroscopic fibres. This
analysis showed that these configurations
can give high – utility material packages
which can help in eliminating sweat from
human skin. In paper [30] the authors developed a structural computational model in order to investigate the heat and air
– water vapour mass exchange between
multilayered packages of fabrics and the
human body.
Mechanical properties
From the user’s point of view, knowledge of the tensile properties of fabric’s
used as footwear materials is very important. The elastic properties of fabrics
and their packages are desirable in chil-
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for knitted fabrics. In the weft direction, material was replaced by M1-M7 fabrics, ved for knitted fabrics moulded with
we can observe that almost all cases are elongation values across the weft change bamboo components. The values of maxbetter than the B1/B2 composition. For between 27.2% for M4/B2 62.1% and imum forces at break lay between 691 N
the worst values (22.8% for B1/M1 and M3/B2. In turn, in the warp direction the and 728 N. In the case where replacement
19.5% for B1/M4) the differences from values measured lie between 31.8% for took place with regard to the outer layer,
not statistically
M3/B2
36.0%
for M2/B2.
728 N.theIncontrol
the casesample
where are
replacement
took place
with and
regard
to the
outer layer, a similar a similar result was observed (Figure 5).
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Figure 5. Maximum force at break distribution for material packages.

Fig. 7. Maximum force at break distribution for material packages
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stronger than that of the B2/B2 package by 5%. In the case of knitted fabrics mixed with

For example, the maximum force at break
was observed for the M1/B2 package and
was stronger than that of the B2/B2 package by 5%. In the case of knitted fabrics
mixed with inner B2, the maximum forces
at break were between 242 N for M5/B2
and 256 N for M6/B2. These results
gave confirmation that the replacement
of common footwear materials like cotton by bamboo materials, with better
foot friendliness properties, is a good
way to improve the mechanical properties, which produces tougher and more
comfortable shoes. This aspect is very
important from the point of view of the
anatomy of a child’s foot. From an ecoFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 6(138)

logical point of view, this replacement is
also crucial because in the textile sector
the implementation of natural processing
and materials is desirable [36].
The testing of some properties (especially mechanical or hygienic) of multilayered fabric packages is quite a popular method of making a qualitative and
quantitative analysis of utility properties
(i. e thermal comfort), especially of clothing [37, 38]. Other modes of construction
of multi-layered structures are ballistic
applications, where multi – layered fabric packages have high impact resistance
[39]. Also, layers are relevant in other
compositions i.e. for medical textiles [40].
Packages of fabrics are also applied for
footwear. In paper [41] upper compositions were created from fabrics based
on polypropylene yarns with different
weaves. The materials used were laminated with the use of solvent adhesive
or porous film. In this paper the authors
used polyurethane foam with perforation.
The results of this work confirm that
bamboo materials can be applied as components for footwear elements, like as
uppers and linings. Some parameters –
both hygienic (water vapour absorption)
and mechanical (elongation at break) –
are better than for the cotton materials
commonly used. Based on this information, better comfort conditions inside
a footwear volume can be predicted.
Investigations on the possibility of creating footwear elements based on bamboo
fabrics will be continued in order to construct a final children’s shoe with better
functionality.

Conclusions
n New material compositions based
on bamboo fabrics were developed and made for experiment
purposes. Bamboo materials were
used as the outer (M1-M7/B2)
and inner layer (B1/M1-M7). A test
sample was created from cotton B1
(for the outer layer because of the mass
per square metre) and cotton B2 (for
the inner layer for the same reason).
n Bamboo fabrics, as shown in this
paper, can be a good alternative for
the cotton materials commonly used.
They can be used both as an outer and
inner layer of a textile upper package.
n The statistical significance of differences in some hygienic and mechaniFIBRES & TEXTILES in Eastern Europe 2019, Vol. 27, 6(138)

cal parameters favours them for use as
footwear elements.
n Textile compositions based on bamboo fabrics are better if we take into
account the water vapour property (as
a hygienic parameter) and elongation
at break (as a mechanical parameter).
For the remaining indexes examined,
bamboo fabrics are comparable with
the compositions commonly used,
where for the outer and inner layer
cotton is utilised.
n In the cases examined, improvement
of the water vapour absorption property was observed in comparison to
the cotton – cotton control package.
This solution could be competitive in
relation to cotton materials, which are
commonly used nowadays.
n The resulting mechanical properties
(especially elasticity) gave a possibility to predict good footwear profiling
for the foot shape.
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The Laboratory is active in testing fibres, yarns, textiles and medical products. The usability and physico-mechanical properties of textiles and medical products are tested in accordance with European EN, International ISO and Polish PN standards.
Tests within the accreditation procedure:
n 	 linear density of fibres and yarns, n mass per unit area using small samples, n elasticity of yarns, n breaking force and
elongation of fibres, yarns and medical products, n loop tenacity of fibres and yarns, n bending length and specific flexural
rigidity of textile and medical products
Other tests:
n for fibres: n diameter of fibres, n staple length and its distribution of fibres, n linear shrinkage of fibres, n elasticity and initial
modulus of drawn fibres, n crimp index, n tenacity
n for yarn: n yarn twist, n contractility of multifilament yarns, n tenacity,
n for textiles: n mass per unit area using small samples, n thickness
n for films: n thickness-mechanical scanning method, n mechanical properties under static tension
n for medical products: n determination of the compressive strength of skull bones, n determination of breaking strength
and elongation at break, n suture retention strength of medical products, n perforation strength and dislocation at perforation
The Laboratory of Metrology carries out analyses for:
n 	 research and development work, n consultancy and expertise
Main equipment:
n 	 Instron tensile testing machines, n electrical capacitance tester for the determination of linear density unevenness
– Uster type C, n lanameter
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