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Ultimate mechanical characteristics
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Tensile load
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Ultimate mechanical properties

9. - 10. Lecture on Textile Testing

Physical quantity Symbol Unit
Breaking strength F N
Specific strength o Pa

Elongation Al m
Strain € %

Moduli (material resistence to deformation)

E [GPa]

G [GPa]

K [GPa]

tensile

shear

compressive
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71N

Special types of load

Physical quantity Symbol Unit
Specific force Fr [N/tex]
(yarns, fibers) f [cN/dtex]

Breaking length L, km

Strength in wet state

Strength in knot fo £ 1% 2 Foensl
Tear and tear strength Foiiedni [N]
Seam strength Fev [N]
Layer adhesion N, [%]

Tensile strength for nonwovens and geotextiles
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Pre-tension F,

\
= A Tensile (deformation) curve Wg»
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Force (specific) strength
Q Specific strength o [Pa] &= Specific force F, [N/tex]

o [Pa] =F[N] /S [m?]
F. (f) [N/tex] = F [N]/ T [tex]

Q units for fibers:
[cN/dtex], [cN/tex], [mN/dtex]

Q Relation between o aF,:
o=F[N]/S[m? =F[N]/(T [tex] - 10°/ p [kg:m™]) =
=F, [N/tex] - p[kg-m] - 10° [Pa]
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Modulus - tensile

Breaking
point

F [N]
o [Pa]

Initial modulus E [Pa]
o = E-g [Pa]

Tangent to curve

0 e[%]
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A Deformation work

G A u] =F [N] . | [m Deformation

work area

0
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Strain
Q Elongation

Al =1-1, [mm], [m]

Q Deformation

€ = Al [mm] / |,[mm] [-]

e=A4l/1,-100 [%]

Q Strain € [%]

Q Elongation in break!!!
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—

Specific strength of fibres f [N/tex]

/

Ing. Blanka Tomkova, Ph.D.

-2
t=10 s _
4 t [S] - Strain rate
t=10 s
t=30s
2
t=10 s
t= 10°s
__________ : o
I I
I g elastic strain
11 £ [%] :
|
I
! : Strain € [%]
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9. - 10. Lecture on Textile Testing
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Breaking length

G = F = Myexiitie * 9

Myskno = Tvitskno * Lvtakno

F-10°
Lyiskno = g-T

[m]

L .
Tethllezp/g-103-b-p5
Load direction
Gravity G [N]

111 Unit conversion !!!
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FACULTY OF TEXTILE ENGINEERING TUL 9. - 10. Lecture on Textile Testing

Tensile strength of flbres

Q Standard EN I1SO 5079 "Textiles-Fibres-Determi-
nation of breaking force and elongation at break
of individual fibres"

Initial length
lo =10 mm (20 mm)

Q 50 % initial length/min
minimum strain < 8%

T\

iy

\

Q 100 % initial length/min
minimum strain > 8%
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iy

1N

le Strength (GPa)

T

25 50 75 100
sample gage length (mm)
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Tensile strength of yarns

Q I1SO 2062:2009 "Textiles — Yarns from packages — Deter-
mination of single-end breaking force and elongation at
break using constant rate of extension (CRE) tester"

Q Standard atmosphere:

Q T=20°C,d=65%

4 " )
Q Initial length I, = 500 mm

Q 250 mm - range of device frame

\Q Test speed 100 - 500 mm/min )

Q Pre-stress
Q Conditioned specimen 0,5 # 0,1 cN/tex
Q Wet specimen 0,25 £ 0,05 cN/tex
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Special tensile tests for linear textiles

Q Tensile load on dry specimen

Q Strength in dry state f;=F/F.10% [%]
Q Tensile load on wet specimen

Q Strength in wet state f_=F,_/F.10% [%]

Q ba, In, kn (+ up to 120 %), Vs (- 50%) syn (- 10%)

0 Strength in loop STRENGTH IN KNOT

f.. =F../(2F) . 10 [%] , j
Q Strength in knot
f,=F,/F.10% [%]
Speed of deformation

O

Q Influence of temperature Right Left
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N
Y
77

1N

Influence of temperature

‘ Glassy polymer or

semicrystalline polymer
below T
* Semi-crystalline polymer
g above T,
)
0 c(MPa)
o Rubber
n 80 4°C Data for the
— semicrystalline
60T 20°C polymer: PMMA
, > " (Plexiglas)
Strain (&) 10! 40°C
20
—— 1.3
60°C >
0 |
0 0.1 02 ¢ 03
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9. - 10. Lecture on Textile Testing

Testing of fabrics

Q 1S0 13934-1:2013 "Textiles — Tensile properties of fabrics
— Part 1: Determination of maximum force and elongation

at maximum force using the Strip method"

Q 1S0 13934-2:2014 "Textiles — Tensile properties of fabrics
— Part 2: Determination of maximum force using the Grab

method"

Ing. Blanka Tomkova, Ph.D.

'0(1"‘8)

Dpt. of Material Engineering

A

A

l, | 300

Woven

Ripped
edge

100

ot

i

>

Knitted fabric

18/33



\

\l

ANz

ZINNS
I

/
W
=

FACULTY OF TEXTILE ENGINEERING TUL 9. - 10. Lecture on Textile Testing

Tensile curves
F [N] woven and knitted fabrics

1N

Osnova
L e

19/33
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Special tensile load for fabrics

@ Tearand tear strength ) | ‘
Q@ Rupture strength wﬁ’ﬁr \_Jl - \:f
Q Seam strength \% ' ‘
\_. Q9 Layer adhesion Y,
Q Rubber- or plastics-coated fabrics =

Determination of tensile strength and elongation at break

O

Geotextiles = Tensile strength on wide stripe

O

Tensile strength for nonwovens

O

Fishing nets = Determination of mesh breaking
force of netting
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Tear and tear strength

I1SO 13937 (Part 1 - Part 4)
"Textiles — Tear properties of fabrics 1-4"

A
77 FIN]

Fixing of speci-
men in jaws

Fs [N]

Cutted
specimen

Al
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Rupture strength

\\\\\\\\\\\\ . Device for holding
the button

Yarn OO . Button

v Fabric
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Seam strength — parallel direction

¢

* F FIN]‘ ]
T 7 VS ns = F/F . 10% [%]
F, /
Fs [N] —strength of stiched fabric
/ F [N] —strength of free fabric
| “q -
* F | -l Al

Seam strength — cross direction

Q

Seam efficiency ns [%]

Q Itis recomended to be up togo %

1SO 13935-1:2014 "Textiles — Seam tensile properties of fabrics and
made-up textile articles — Part 1: Determination of maximum force
to seam rupture using the strip method

Ing. Blanka Tomkova, Ph.D.
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Strength of adhesion

Q 1SO 2411:2017 "Rubber- or plastics-  T-Peel
coated fabrics — Determination
of coating adhesion"

A Strength of coated fabrics:
Q coating of fabric with PUR, PVC etc. g

Q coating of fabric with adhesive textile insert

Q other coatings adhesion
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Cyclic, semi-cyclic and dynamic load

Q uniaxial load (tensile, compression) '
g Q@ multiaxial load (torsion, bending) ‘ ‘
Q Simple deformation (non-cycle) '

@ Q Cyklicload I ‘

g @ Static (time-independent) deformation ‘
d

=)

Dynamic (time-dependent) deformation
Q Impact (extremely short time)

<=
I

@ Q Ultimative deformation (rupture)
Q Non-destructive deformation ‘ ‘

g Q Isothermal deformation l

Q Thermally dependant deformation
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Cyclic load I.

= (%] dk

t [=]

F ] g
,.

L
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Cyclic load Il.

R
7

F ) A 2 6
1 5
3 T

4 2

. -
t [2]
E[%]l z
1-
3-
4

. -

t [5]
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Cyclic load - elasticity of yarn

i+l
£ elast A

F [N &

€ total

3 1
>
- >
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Dynamlcal Mechanical Analysis

FFT data evaluatlon EIG Tan delta

Ing. Blanka Tomkova, Ph.D.

9. - 10. Lecture on Textile Testing

0,3732

48 86 Du Pont50/ A

TempTO 9040 C; E 4430 GPa

TempTO 12590 °C; T|D 03507
¥,

0,3469

o R

0,3207

7

0,2944

37,01 /
— 33,06 i

o
. 29,11 / |
W95 45 5

0,2682

0,2419

(=]
[ ~]
—_
o
(=]

N

0,1894

17:25 \ /

13.30} ;,,,,Tan:Te:mpTO=73:,60 c ;TgD=0,149:1

0,1631

60,50 83,80 9810 112,40 126,70 141,00 155,30 169,60 183,90 198,20

Temperature - T0 [°C]

0,1369

Tan Delta []
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KN

Neat Resin

Dynamical-Mechanical
Analysis

1 Ocdormation |om
it ‘¢ 1
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Impact Strength

- EE
Q
(2]
~+

F
stre‘n)'lgth @ Impact strength

w _
Ap = bh [k]. m~2]

Q W.. deformation energy used for
breakage of specimen

Q b ... width of specimen
Q h .. thickness of specimen
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