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Study on tensile properties of coated fabrics and laminates
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The influence of structural parameters of coated fabrics and laminates on the breaking force , e longation, ten sile energy
during their stretching in various direc ti ons and types of failure has been studied. It is observed that the ten sile properties of
coated fabrics and laminates depend not on ly on the structural characteristics of the ir base layer but also on polymer film
an d degree of its penetration into the base layer. The analysis of stress-strain curves and fabric s fracture shows three types of
fabric s distortion, name ly instantaneous, co ntinuous for so metime and breaking of fabrics separate layers at different
duration s. The tensile directi on for coated fabrics and laminates has considerable influence on tensile characteristics.
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1 Introduction
Coated fabrics and laminates have wide
applications in the fields , such as medical substrates,
flexible membranes for civil structures, airbags,
geotextiles and industrial fabrics. Nowadays, these
materials have wide applicability in protective and
outerwear garments. To achieve reasonably good
quality and to predict durability of such textile goods,
it is essential to have enough understanding of their
behaviour during wear. As a result, interest in thi s
area of research has recently increased.
Laminates are the bonded fabrics made from at
least two sheet materials one of which may have
textil e character. Coated textiles, according to DIN
60000 and DIN 16922, are the fabrics produced with a
surface coating on one or both sides (not always a
surface coating in the visual sense) with coating
materials that are homogeneous or cellular in
1
structure (Fig. 1).
Coated fabrics behaviour during deformation
differs from uncoated fabrics behaviour. It is well
known that the fabrics become stiffer after coating,
because coating material fills the spaces between the
yarns and cements the warp and weft threads together.
Coating changes all the fabrics properties. It increases
tensile modulus and bending rigidity, especially in the
2
warp direction . To optimize structural configuration
of coated fabrics under complex loading conditions,

researchers 3 developed a model to predict interaction
between "deforming fibre and its coating.
It is observed 3-5 that for coated and laminated
fabrics, mechanical properties, such as flexibility,
tensile strength and tear strength, stretching and
shearing, are very important. For coating and
lamination, various textile forms, namely woven, knit
or nonwoven, are often used as base layer. It is known
that these fabrics are more or less anisotropic. Several
studies have been reported on fabrics uniaxial test,
.mc I ud'mg the be havtour
.
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o f woven 5- 10 , k ntts
13 15
nonwoven fabrics.
However, the uniaxial
deformation behaviour of coated fabrics has not
received much attention so far.
The stud/ 6 on tensile properties of coated fabrics
in three main directions, namely warp, weft and bias,
has already been reported. In garment making, seams
joining fabric plies along different direction s are not
avoidable. It is, therefore, important to study the
effect of variations in properties of the plies and to go
one step further rather than measuring properties only
along the principal directions.
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Schematized cross-secti on along yam directi on
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The present study is aimed at examini ng the
structural characteristics of coated fabrics and
laminates, determining their influence on the tensi le
properties and analyzi ng in depth the anisotropy of
such materials. Knowledge of the influence of their
structural characteristics helps in predicting ' the
behaviour of fabrics in the garment during its wear. In
order to reveal fabrics fai lu re, the tensi le test ti ll
fabrics breaking has also been studied .

2 Materials and Methods
Coated and laminated fabrics were prepared in a
very wide and diverse range of weights and
construction using seven commercial fabrics of
different structures-woven or knitted substrate with
coated or laminated layer (Table 1). All these fabrics
were conditioned in a standard atmosphere of 65 %
RH and 20°C. To analyze the degree of anisotropy,
fabrics were tested in five different directions, namely
warp, weft and along 22.5 °, 45° and 67.5 ° from the
warp direction. Three repeats per specimen were
carried out and the average was calculated. The
coefficients of variation for all fabric specimens
varied from 1.49% to 14.95 %. To avoid the force
concentration near the grip, the geometry of the
specimen as shown in Fig. 2 was used.
The test of specimen's extension was carried
out using a Zwick tension machine (DIN EN
ISO I 3934-1 ). The cross-head speed was kept at 100
nun/min and the distance between jaws at 100 mm.
The strength of fabrics is generally considered in
terms of how much load they can withstand before
suffering failure. Therefore, main characteristics, such
as maximum force (Fmax) , elongation at maximum

force (E1), tensile modu lus (£) and tensi le energy,
were selected for the study. These characteristics were
calculated from stress-strain curve. To examine the
type of distortion of every specimen, the ultimate
elongation (Emax) was also studied. Since the
polyurethane film in some specimens has very high
extension-at- break, the test end at 5% of Fmax (break
detect) was selected.

3 Results and Discussion
The fabrics maxim um stress in various directions is
shown in Fig. 3. It is known that the knitted or woven
fabrics are anisotropic, i.e. their characteristics in
various directions differ. One can expect that the
coating or lamination not only enlarges the fabrics
stiffness but also decreases their ani sotropy. It can be
observed from Fig. 3 that there is an apparent
difference (15-145 N/cm) among the F( max) values
for various fabrics and in various directions. The
largest values of maximum tensile strength for tested
fabrics are obtained in warp (0°) and bias (45°)
directions for fabrics with woven base layer and in
course direction (0°) for fabrics with knitted base
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Fig. 2- Tensile specimen geometry

Table !- Physical properties of fabric s
C2

Coated
C3

LO

Ll a

Laminated
L2

L3

L4

Surface weight, g/m 2

212

310

234

253

320

260

137

Thicknessb mm

1.18

0.68

0.71

0.79

1.0

0.82

0.33

Base fabric structure

Plain wea ve

Plain weave

Weft knitted
interlock

Plain weave
weft knitted

Twill weave

Plain weave

Warp knitted

Content

Cotton+ PES

Cotton

PES

PES

Rayon+
Cotton

PAN

PES

Po ly mer film

Coated with
PU and PVC
film

Coated with
PU and
PVC film

Laminated
with PU film

Laminated
with PU film

Laminated
with PU film

Laminated
with PU film

Laminated
with PU and
PVC film

Property

aThree layers fabric (po ly mer film between two pli es of base fabrics).
"Thi ck ness at pressure of 196Pa.
Pu - Polyureth ane, PVC- Po lyv in ylchloride, PES - Pol yester, and PAN - Po lyacrylonitril e
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layer. The strongest three layered materi al L 1 has
shown the largest F(max) value in directi ons 0°, 22 .5°
and 45°.
The degree of elongation at maximum stress fo r
fabrics in vari ous directi o ns is shown in Tabl e 2. It
can be seen that the largest elongation s (bold values)
occur in two directions: (i ) 45° from the warp (bias)
fo r fabrics wi th woven layer, and (ii) in weft direction
for fabrics with knitted layer. The highest elongation
is recorded for the fabrics L4 and LO in 90° direction
because of their knitted base layer.
It should be noted that for the 'ideal ' case, all the
layers of composites during tension must be able to
deform to the same degree and behave as one
material. The test results show various types of stressstrain curves . In order to analyte the behaviour of
every tested specimen during its tension, the
following relationship was used :

where E1 is the strain at maximum stress; E,ax, the
strain at break (Fig. 4) ; and q, the degree of specimen
elongation during its failure till break (Table 3).
Taking into account the values of q and stressstrain curves shapes, the types of specimens failure
can be divided into three groups : (i) the distortion of
specimen occurs almost instantaneously when

maximum stress is attained (q=O.S-5.3 %), (i i) the
di stortion of specimen lasts a peri od of time (q= IO.l26.0%), and (iii) the curve consists of separate zones
th at show the di stortion of separate layers not at the
same time (q=l07.0-297 .0%) .
To study the mechanism of tensile failure, the
analysis was done not only for the stress-strain curves
but also fo r the damaged region s of the fractured
specimens and types of their breaking.
It can be seen from Table 3 that both fabrics L4 an d
LO break instantaneously or almost instantaneously in
all directions (q=O.S-4.2%) when they reach
maximum stress (Fig. Sa). These fabrics show
relatively straight fracture lines perpendicular to th e
tensile directions for the specimens cut out in warp
and weft directions. For specimens cut out in
directions 22.5°, 45° and 67 .5°, the fracture lines are
in bias direction (Fig. Sb). As a rule, during tensi on
the weakest thread breaks first. As evident from
Fig. 3, the tested fabrics show highest F(max) value in
warp (wale) direction than in weft (coarse) directi on.
Hence, the distortion in bias direction occurs due to
break of weft thread. The type of instantaneous failure
of specimens after they reach F(max ) probabl y
depends on the coating type for fabrics L4 and LO. As
seen from Figs Sc and d, the coating of base knitted
fabrics is embossed and degree of coating film
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Fig. 3- Fabrics maximum strength for specimens cut in vari ous
directions

Fig. 4-M ain characteristics received from stress-strain curve

Table 2- Fabrics elongati on at maximum stress (c)
Specimen direction

t:, %
C2

C3

LO

Ll

L2

L3

L4

oo

I2

6

4I

52

10

26

83

22.5°

36

2I

44

55

22

34

140

45°

63

48

74

79

48

62

74

67.5°

40

13

101

42

12

25

63

90°

25

19

108

38

20

27

141

The values in bold show the largest elongati on
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Speci men directi o n
LO

oo

Table 3- Fabrics elongation during the ir fai lure (q)
G, %
C2
Ll
C3

0.5
1. ,6
0.6
0.7

22.5°
45°
67 .5°
90°

1.2

23.8
10.8
1.5
6.9
16 . 1

0 .3
26.2
0.6
5.4
295.1

7.4
17 .6
5.3
25.8
14.0

L2

L3

L4

107.3
10.1
5.3
18.1
15. 1

243. 0
147.4
1.55
11 6.2
180.7

1.0
4. 2
1.7
2.1
1.3

F(max)

---- --- --- ~
E

-2

z

Strain ,%

(b)

(a)

(c)

(d)
11

Fig. 5- Stress-s train curve (d irec tion 0°) of materi ,tl LO (a) , and it 's edges after brea king (direction s 0°,90 ,45°) (b): the view of lam inated
material s L4 (c), and LO (d) layers

F(max}

z

Strain, % £ 1

(a)

E(max)

(b)

Fig . 6- Stress-strain c urve o f fabric C2 at direct ion o f 22.5° (a), and specimen di sto rtion durin g its ten sile st retching (b)

penetration is enlarged. This means that both the
layers of fabric work together under deformation
force. lt shou ld be noted that the base layer of fabric
L4 is weft knitted. Very often the tension of such
kinds of fabrics in course direction causes loop
unravelling 16 . The test results show that during
tension of fabric L4 in the cut direction of 90°, the
loops do not unravel. lt is believed that this
phenomenon is dt!e to the tight bond between knitted
fabric's elements and polymer fi lm.
The same type of stress-strain curves (first group)
was also obtained for the fabrics with woven base

layer and cut in the direction of 45 ° (q= 0.5-5.3 %).
Taking into account that during ten sion in the bias
direction woven fabric would shear, its threads are
stretched and straightened; the process of elongation
in many cases lasts up to the break point.
The phenomenon of fabric coated lay rip up durin g
tension (second group of stress-strain curves) was
observed for coated fabrics C2 and C3 . It can be seen
that the failure zones during specimens tension appear
from the edges and in various points of specimen's
surface (Fig. 6b). It could be noted that for fabric C2,
the beginning of distortion occurs fro m the coating
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Fig. 7- Fabric L2 stress-strain curve (directi on 0°) (a), and specimen during te nsile stretch (b): fabri c L3 base layer distorti on(c). and
vi ew after break (directi on 0°) (d)
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Fi g. 8-Stress-strain curve of materi al L I (tension in we ft directi on) (a). and breakin g o f its plies (b)

layer and for fabric C3 it occurs from the textile
(woven) layer. This means that the coating layer of
fabrics C2 is less el astic than fabric C3 layer.
It is therefore observed that for some laminated
fabric s, the beginning of tear process may occur not
instantaneously for their layers. In the case of thick
and stiff textile (woven) layer and very thin and
elastic film (fabrics L2, L3) , textile layer breaks first
and later the film (Fig. 7).
The largest degree of polymer film elongation is
observed for fabric L2 and only in cut direction of 0°

(warp) . As evident from Fig. 7a, the warp threads
break at first stage and the stress-strain curve shows a
sharp decrease in stress (section A-B of curve) . Later.
the warp threads are withdrawn from weft threads
which remain bonded with polyme r film till it breaks
(q=l07 .3%). It should be noted th at for the fabric L3
the type of third group stress-strain curves is obtained
in all directions with exception in 45°. The reason of
easy delaminating of fabric layers during ten sion is
probably the weak adhesive bondin g between base
fabric and polymer film. As seen from Fig. 7c, the
bonding with adhesive dots is not stable enough .
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Fig. 9-Tensile energy of tested fabrics in various cut directions

The results of tensioning of three-layered fabrics
show that the breaking begins in woven layer (Fig.
8b). Later delamination occurs between layers
because of the elongation of knitted layer till it
breaks. Also it can be seen that the average elongation
of three-layered fabric Ll is markedly higher than that
of woven layer.
It is evident from Table 3 that the fabric Ll layers
delaminate and knitted layer's deformation occurs
only in case of 90° direction. In cut direction of 22.5°,
one gets the stress-strain curve of second group
(q=26.2%). For specimens which were cut in the
directions of 0°, 45° and 67.5°, failure occurs
instantaneously when they reach Fmax (q=0.3-5.4%).
The tensile energy of tested fabrics, which indicates
the mobility of fabrics, was also analysed. As evident
from Fig. 9, the largest values of energy are obtained
for laminates LI and LO. On the other hand, the
coated and laminated fabrics C2, C3, L2 and L3 with
woven base layer have very small value of energy.
Only in 45° direction, the energy value is higher due
to shearing.

tensions in different directions and in different
intensities. It is pointed out that for tested fabrics ,
main tensile characteristics and behaviour during
stretching in different directions are very different.
The higher degree of elongation for maximum
strength is observed in bias direction (45°) for fabri cs
with woven layer and in course direction for fabrics
with knitted layer. The failure in coated and laminated
fabrics may be of three types: (i) both layers break at
the same time instantaneously when the specimen
reaches the maximum strength; (i i) the di stortion of
fabric continues for some period after the specimen
reaches the maximum strength ; and (iii) during
tensioning delamination occurs between layers of
fabric .
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4 Conclusions
It is known that the degree of tensile force depends
on body constitution and garment ability to adapt to
dimensional changes of body surface. On the other
hand, as the isotropic fabrics used in garments are
joined together with various seams, they suffer with

14
15
16

Hans-Karl Rouette, Encyclopaedia of Textile Finishing
(Springer-Verlag Berlin He idelberg, Berlin), 2001,314.
Chen Y, Lloyd D W & Harlock S C, J Text hut, 86 (4)
( 1995) 690.
Julie Chen, Johannes Leisen, Joey Mead, Ning Pan, Warner
Steve & Prabir Patra, Substrate-Coating Interacti on in Coated
Fabrics, Annual Report (National Textile Centre, USA),
November 2003 .
Domskiene J & Strazdiene E, Medziagotyra (Mat er Sci), 8
(2002) 489.
Ning Pan & Mee-Young Youn, Text Res J, 66 ( 1996) 238
Bassett Richard J & Postle R, Text Res J, 69 ( 1999) 866.
Chang S H, Sharma S B & Sutcliffe M P F, Compos Sci
Techno[, 63 (2003) 99.
Amirbayat J & Alagha M J, lnt J Clothing Sci Techno/, 7
(1995) 46.
Alamdar-Yazdi A & Amirbayat J, fill J Clothing Sci Techno[,
12 (2000) 311.
Pan N, J Compos Sci Techno[ 56 (1996) 31 1.
Jinlian Hu, Yarning Jiang & Frank Ko, Text Res J, 68 (1998)
828.
Hong H, DE Aroujo M D, Fangueiro R & Ciobanu 0, Text
Res J, 72 (2002) 991.
Kim H S, Deshpande A, Pourdeyhimi B, Abhiraman A S &
Desai P, Text Res J, 71 ( 1999) 157.
Sarhan Ere! & Steven B Warner, Text Res J, 71 (200 I) 22.
Kim H S, Pourdeyhimi B, Abhiraman AS & Desai P, Text
Res 1, 72 (2002) 645.
Masteikaite V, Sidabraite V &
Saceviciene V,
Projektowanie, Materialy. Technologia Skory, Odzieiy I
Obuwi, No. 21 (Politechnika Radomska Wydawnictwo,
Radom, Poland), 2002, 41.

