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Abstract:

It is very important when choosing a textile material to consider that theafiloeyarn
structure types meet the functional requirements of thaisagroduct. Therefore, the
choice will particularly influence the fabric's chemical, physiaid mechanice
behaviors. In the shadow of a world dominated by scarcity and/or highotoaw
materials, specialists in all fields of textiles must seriously research and devel
alternatives that can be used in manufacturing operations. The raw material
physical properties, especially the elongation property, usually leadexciusion fron
use. Theoretically, it is not feasible for use in textile fields. As it is known,
elongation has deep effects during production operations and for final use. Alsc
of the raw materials that are already used need to develogptbdirction methods, t
reduce waste rates and make better use of materials. This is achieved by stud
behaviors of these textile materials during manufacturing and processing opera
monitor the effectiveness of their physical propertieshenduality of operations. Ft
professionals in the field of textile engineering, the study of this important ph
property comes at the heart of our scientific research interest. That is due to il
connection with all textile processes. Wherealmgation of textile material plays
active role in the quality of the operating processes, starting from the initial ope
stages until the final processing stage, passing through the weaving process, !
the focus of this research study.dddition, the elongation feature is associated
many other properties associated with the end uses, including properties, ¢
drapability, flexibility, recovery, and comfort, all of which make it suitable for use
material for clothing and othaises Although much research was achieved in the
to relate weave structure to the mechanical characteristics of woven fabrics, the
lacking in detail and did not offer relevant insights. These studies relied c
interpretation of elongatiobased on the test results and did not really penetrai
behavior of the sample under the influence of stress during the test. Therefore, th
focuses on the study of elongation based on previous engineering concepts
interlacing shape of thPeirce concept which is the closest geometric figure tc
structure of the woven fabric, especially using synthetic fibres due to its reg
compared to other natural fibers. This research study also focused on study
characteristic of yarn ehgation from both theoretical and practical perspectives, t
on the scientific importance of that physical property related, especially concern
acceptance or rejection of the use of the material in the textile fields.
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1. Introduction
There are many parameters very important tp

increasing the weft setting and at the same time the
elongation at break is increased.

evaluate the woven fabric concerning warp ang
weft yarns, including raw materials, count, fabric
sett, and the weave -construction. All these

parameters represent the structural elements of the

woven fabric, thatlirectly affectthe properties and
gualities of woven fabricAlthough many studies
have been conducted link the weave structure to
the physical characteristics of woven fabrics, they
lack detail and donot offer clear perceptions.
Fabric elongation isone of these important
characteristics.

The elongation at the break depends on the fabr|
weave construction, and it increases as the rigidi
of the woven fabric increases. This is due to th
higher crimp in yarn generated from the rigid
weave constructim, which eventually resulted in a
higher elongation.

Sometimeghe loss of tensile strength is caused by

< o

The yarns elongation in the weaving field is
divided into two items:

1. The elongation during the weaving process.

2. The elongation of the woven fabric.

The elongation during weaving is limited to the
elongation of the weft and warp yarns. The
elongation of the weft yarn is adjusted by
determiningthe length that is prepared on the
device of the weft storage unit (accumulator). Itis
the length equal to the width of the fabric on the
weaving machine, in addition to the rate of weft
crimp related to thimterlacing with the warp yarns.
As for the elongation of the warp yarns during
weaving, it can be determined at the stage of the
shed formation, as it is the most important stage in
the weaving procesand very close to the quality
of the weaving proces#ccordingly, it is possible

to identify the elongation sources of the warp yarns
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in three sources

1. The first and most important related to the let
off process, in addition to the simultaneous
forward movement of the swinging backrest
roller. It is resposible for presenting the extra
length of warp yarns which are required for sheq
formation, and later for the interlacing between
warp yarns and the inserted weft. That mean
the distance occupied by a weft in addition tg
the crimp rate.

. The second sourctor the elongation of the
warp yarns is related to the natural elongatiof
rate in the warp yarns, which is limited to
maintaining the elasticity of the warp yarns.

. Finally, the third source is related to the
elongation of the woven fabrics in the distance
between the beatp point and thdront restof
the weaving machine. This limited elongation
ratio is shared in shed formation with a very

small amount through the backward movemenit

of the weave, although many references ignor
that source.
The research study is concerned with predicting th
expected elongation rate of the warp yarns durin
the shed formation, in connection with someg
important factors, thatredetermined irthe:
1. The natural elongation rate of the wararn
material.
2. Themaximum height of the formed shed
3. The horizontal length of the back and front
shed. In addition to therimp percentage for the
warp yarns of the fabrisample that is prepared
for the weaving operation.
According to all the previously given data, the
ahlity to choose the appropriate weaving maching
is determined, especially in the case of usin
special materials that are sensitive to use in th
weaving process, especially those that are used
industrial fields.On the other handthe motion
performane of the letoff device is adjusted, to
ensure the higlguality degree of the weaving
process.
The second important part of the research i
concerned with thbehaviorof the woven samples
during the tensile and elongation test, and fron
another side theffect of the research variables on
the elongation rates of the samples.
2. Background
Elongation is known as the rate of change in lengt
under the influence of tensile forces in relation tg
the original length. There are three types o
elongation thallways occur in textile materials,
elastic, permanenand breaking elongation. The
elastic elongation returns after the force i
removed, the permanent elongation is the change
length that remains after the load has been removs
and the breaking elontian is the elongation value
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at the breaking point. Purely elastic elongation only
occurs with rubber threads (including elastane,
etc.).
From a technical point of view, the change in
length under the tensile forces in relation to the
original length is diined in different terms as
follows:
a. Elongation
Elongation ighe change in length in relation to the
original length. It'smeasured in units of length
(e.g., millimeters, centimeters, inches):
Oa ¢ & "Qo A0 EQ Ea'MRAN0
Q¢ "Qa VEXINO
b. Strain
Strain expresses the elongation as a fraction of the
original length:
e .. Qa0 €€ QOO0 QE &
Yo I e T
¢ "Qa VEXINo
c. Extension
Extension expresses thngation as a percentage
of the original length:
O O | Qo € Qo Q¢ ép
Owo Q¢ i ; % d'Qé’ﬂann
Elongation rates
Both natural and synthetic fibers have very
different elongation ranges, which can be divided
as follows:
1. Verylow extension (%) in flax, hempand
other soft and harfibers.
2. Low extension (8.0%) for cotton
3. Medium to high extension (1520%) wool and
animal hair
4. High extension (2D 30%) silk
5. Extreme extension (1G0200%) rubber
The physicaland chemical properties of textile
products are generally influenced by very
important different elements, which areorder
1. The structural composition of used texfileers
and their chemical, and physical properties in
addition to the geometrical shape of files.
. The geometry of the fabriconstructon, based
on the product manufacture mechanism
(woven, knitted, braided, nemoven, etc.)
Processing of preparation arrédtment of the
final textile product
From all these precious elements, it is concluded
that the second element directly concerns the
subject of this research paper. The study of the
fabric geometry with its important elements
affecting it, and the reftgion of this effect on the
internal friction force between the warp and weft
yarns and hence their impact on the mechanical
force rates needed for weft beatimg on the
weaving machines.
2.1 Different preconceptions
geometric shape of woven fabric
Fabrics aren't regular structures capable of

3.

of the
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description in mathematical forms based o
geometry, but they can be idealized the general
characters of the materials into simple geometrical
forms and physical parameters to arrive al
mathematical conclusiongs geometrical models
are the sole solution to providing geometrica
information about woven fabrics for finite element
(FE) models for performance simulation. To
represent the configuration of yarns in woven
fabrics, many different geometrical forms kav
been put forward by textile researchers /1, 2/.

2.1.1 Peircebds assump
Peircebs work is regadi
modelling woven fabric geometry. Under certain
assumptions, including circular yarn cregstion,
complete flexibility of yarns, irempressible yarns,
and areline-arc yarn path. In the crosgction of
planwoven fabric based

to denote warp and weft. In this model, a two
dimensional unit of repeated fabric whsilt by

superimposing linear and circular yarn segments o
produce the desired shape. Derivation of th

1%

relationships between the geometrical parametefs
and such parameters as yarn spacing, weave crimp,

weave angle, and fabric thickness forms the basjs
of the analysis.

Fig.L Pei rceds as scuaupr

crosssectionof plainrwoven fabric

11/
This model is convenient for calculation and has
been found useful in the ordering and interpretation
of observation; it is especially valid in veopen
structures. Peirce derived the following equations
describing the geometry of plawmoven fabrics:

o Q 1Q, (2.1)
and: 0O Q 0 (2.2)
6 — p (2.3)
t n =
dagog ag thep' beginni%z'gll) of

The yarn crossection in a real fabric is hardly
circular because of the pressuretween the
warp and weft yarns during the weaving

/ €| _ D N prRéss. PEireelpfopodédsal ABrhdtive model
as shown in Fig. 1, the subscripts 1 and 2 are us¢d

for the plainwoven fabric, as shown in Fig. 2,
assuming the yarn crosgction to be elliptical.
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Figu2Pei rceds as sallipip
crosssectionof plainrwoven fabric
12/
It proved to be mathematically too complicated
to describe the relationship between the
structural parameter$he used symbols in all
figures are listed in table 1 as follows:

Tablel: The used symbols in all figures

Symbole Designation Symbole Designation
p warp yarn 0 cover factor
C weft yarn N cotton count of yarn
W major diameter of the flattened yari N theaverage number of yarns per ur
@ minor diameter of the flattened yart length 0 = 1/p)
Q yarn flattening coefficient p average yarn spacing for the fabric
&  yarncrimga/b) as awhole
Q height of crimp wave I length of yarn axis between planes
‘0 yarn circular diameter containingthe axes of consecutive
(0] sum of circular diameters (d1 + d2) d maximum angle of thgarnaxis to
"y fabric thickness theplane offabricin radius

Peircebds modewovel fAaBI& Was
extended by others, notably Kemp (1958), whd
assumed that the yarn cresesction is racetraek
shaped, and Shanahan and Hearle (1978) who
proposed a lenticular yarn cressction. These
extended models retad all the assumptions

o fPeingd uaed except for the yarn cresstion and

are regarded as Peirce derivative models, as it is
clarified in the following:

2.1.2 Kempos
The crosssection shape of a plaimoven fabric
related to
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3, where the yarn crosection is racetrack shaped. fabrics /3/

The racetrack is formed by tangentially connecting

two parallel lines with two half circles facing each N N o 0, (2.11)

other. The part between the plaB& and S2is ) ~ 212

identical to the diagram of Peire 6 s ci rc u | %nfj' cr os® P, (2.12)

section model, so tht_a racetrack mo_del can Abe then: & — D, _ 52'13)
converted into Peirceds model and equations sol vert
similarly /3/. and: O <Y w. (2.14)

In this figure,& andc are the width and height of
crosssection of warp yarns) and @ are the
similar of weft yarns.The variablesQ, "Q D,
®,n , N &, &,—and—have the same definition
as for Peirceds nbus the l
distance betweefilandS2andx the length of the
path betweeS1andS2 The variablébg the crimp

of the weft between the S1 and S2. From thig
definition, we have:

ADz 1/ & @, (2.5)
and: a a o w, (2.6)
. o Dz
hence: bz — 2.7)
andalsonDz n ® ®,
(2.8) o a
a & wh (2.9)
Then: @Dz D2 (2.10)
Dz
Sy Sz
—ar,
b, | P - by
n i e '
I ~ 7 [hz)
op L )
le P -
P2

Fig.3 Kempbés racetr acéf
plainrweave fabrics
21.3Shanahan amasbunitom r |
Shanahan and Hearl eds
with lenticular yarn crossection is illustrated in
Fig. 4. A lenticular shape is formed by joining two
identical arcs facing each other.

7 i | .~ /' e 1‘\

- 5\)’11/27 - ‘%)1/2 < \\\/,a
X . s, [(Thar2
/,/ \: 4b2/2 “>\\ Mo S — |1~ 7
\{)\2\/2 A //// \\\\ ll\ N . ’ll/l i

\ |
P2

Figo4Shanahan and Hea

section geometry of plaiweave

All other assumptions used in the Peirce model also
apply to this model apart from the fact that the yarn
crosssection in this case is lenticular. Similar to
Pei r c e 6 s followirg eduations Hawe been
derived to describe theyrelationships of the fabric
parameters:
WheréQ, "Q,0, @1 , ) ,&, & ,—and—have the
same definition as
In addition,& and@ are the crimp heights of
warp and weft yarns and , Y are the radii of the
lenticular arcs representing the warp and weft
yarns. Also because of the similarities to the Peirce
model, the fabric geometry can be definitely
defined when seven of the parters are
specified.
2.2 Structural parameters of woven fabrics
From the previous studies on the geometric
theories introduced above, several parameters
could be extracted to characterize the fabric
geometryThefollowing section presents a general
description of everparametersome of them don't
need to be calculated but can only be measured.
2.21 Yarn diameter
Accor di ng citcaar yam isectomils
and the number of diameters per inch in¢db&on
system:

8

, (2.15)
and:

Q — rdy 1 Ha. (2.16)
where’ , the specific volume, is the ratio of the
volume occupied by materialto that of the same

8

e dwveight of water under compressiohthe woven
p Isteuctuie, w pvcetionydrm b r i c

mo d e |
2.22 Thickness
Fabric thickness is given iy or & whichever is
greater, wheré Q Q,
0 "Q 'Q.When yarn diameters are assumed
to be circular:

0=max,0). (2.17)
The condition that the twgarns project equally
produces a smooth surface and gives the minimum
thicknesqo )

0 MM Q M qQ
-0 M QO 1Q O, (2.18)
Where "Q O Q.

So the minimum thickness is the sum of jlaen
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The maximum thickness is attained when one @
other of theyarrs is straightened as far as possible
In an operfabric, where either may be straightened
to zero crimp, this thickness shouid:

o o o | (2.19)

Q is the diameter of the thickgarn, and it is
attainedby straighteninghe thinneryarrs.

If: Q Q, (2.20)
then: 0 ¢Q 0o oQ (2.21)

2.23 Cover factor

Fabric cover is defined by Hamilton (1964)
geometrically as the proportion of fabric areg
overed by actual yarns. In practice, cover factor
are normally calculated for warp and weft
independently. For example, a fabric having 5(
warpyarrs per centimetre, each 0.01 cm in majo
diameter, would have a warp cover factor)(of
0.5 or 50 %. In the case of circular secty@irs,
warp and weftover factors are given by

The primary geometrical parameter is the crimg
magnitude. It provides a good basis for
investigating many complicated phenomena, suc
as stresstrain relations, hand, and creasiAgd,

in particular, crimp has been used as a fundament
parameter for calculating other geometrica
parameters such as crimp height or weave ang
which are not easy to measure. Therefore, to stuq
fabric structure or related problems, measuring
yarn crimp in the fabric is essential. But the actua
difficulty in measuring this parameter is not
entirely solved or recognized, perhaps, by man
researchers, 6/

3. Methodology

3.1 Analysis of the Problem

The research problem is limited to studying the|
interrelationship between the elongation of warq
yarns and their crimp in woven fabrics, from the
first side, and the elongation of woven fabrics in
the longitudinal direction, from the other side, both
theoretcally and practically. That is for the
scientific importance of this physical property of
fabrics.

3.2 Theoryof research method

The research method depends on:

1 The theoretical studies related to the form o}
interlacing in fabric constructions.
1 Themathematical analysis of the yarn crimp of

woven fabrics.

[72)

al

Yy
)

0 € QU € Q. (2.22)
For flattenedyarrs, warp and cover factors for
plain weave are thus given by

0 € WU ¢ . (2.23)
And overall cover factoK is calculated fromv
andv as follows:

O U 0 00. (2.24)

The cover factor thus indicates the degree of
closing or cover. Increasing the projection of the
area covered by yarns through using yarn with
greater 6o00zinessbo, or
more regularity will improve the cover of fabric /4/.
2.2.4 Crimp
Crimp is the percentage of excess of length of the
yarn axis over the fabric length:

W p pTmh
p

by

w —

p TTim. (2.25)

strength and elongation test.

A comparative analytical study between the

theoretical studies and the results of practical

work.

3.3 Weaving of Standard Experiment
Samples

This important part of the research was identified

in weaving experimental samples with different

elements of fabric structures. The fabric structures

were limitedto plainweavel/1,Hopsack 2/2{will

2/2, 1/3,and satirB weaves.

3.4 Laboratory Measurements

The laboratory measurements were limited to

measuring tensile strength and elongation test (or

tension test) in the longitudinal direction of the

woven samples in addition to the manual

measurement for the wagarns' crimppercentage

of the woverfabric.

4. Experiments

The experimental work has been carried out on

dornier rapier weaving machine p2, equipped with

two warp beams and a dobby device up to 24 heald

frames.

The experimental works were divided into two

phases:

1. Weaving ofexperimental samples

2. Laboratory measurements

1 Fabric ample® behaviors during tensile
Material PP Count U- Frax Finax Frnax
(Twisted yarn) denier % Gram g/den
200 t/m 450 24.1 1593 3.54
Experimental samples™ specifications
Fabric set| Warp density Weft density
Construction [yarn/cm] [weft/cm]
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Plain 1/1
Fabric H 2/2 22 20 22 24
Twill T 2/2
T1/3
Satin S8
Cover factor Warp/weft 16.19 14.72 16.19 17.65
(of the fabric) Fabric 22.40 23.02 23.64

Table 2: Structure elements of the experimental samples

4.1 Weaving of experimental samples
The main purpose of this process is to weav
standard test specimens, with different woven
fabric structure variables, as represented in Table
and Fig. 6
The main elements of the woven fabric structure
variables were
1- Fabric constructions:

- Plain weaved/l and hopsack 2/2.

a)
-

2

- Twill weaves1/3, and 2/2.

\
Hopsack 2/2

- Satin weave 8.
2- Warp yarns density: 22 yarns/cm.
3- Wefts density: 20, 22, andl2vefts/cm.
4- Warp and weft yarn materiaPolypropylene
(CF) twist yarn denier 450.
Woven sampldgs fabric constructions were
determined as representedliable 2. On the other
hand Fig. 6 shows thalesign, draft system, and
lifting plan of theexperimental samples

A: Weave diagram (Design)
B: Draft system

C: Lifting (Pegging) plan

i
=

P 1/1
Plain

4.2 Laboratory Measurements

The laboratory measurements were limited tq
measuring tensile strength and elongation test (g
tension test) in the longitudinal direction of the
woven samples. The measurement values ha
been measured by using a tensile testing Machin
(Zwick/Roell Model Z100). Laboratory tests had
been performed in accordance with standar
procedures, which are recommended by th
German Institute for Standardization (Deutsche

.

T1/3
Twill

Satin 8
Fig. 6: The weave diagram, draft system, and lifting plan of the experimental samples

Institut fiir Normung, DIN) ISO 13934:2013(en),
and also A.S.T.M (American Standards on Tlexti
Materials), Designations: D 503506:2008) The
manual measurement for the warp yarns crimp
percentage of woven fabriad been performed in
accordance with standard procedures, which are
recommended by the A.S.T.M, Designatiois:
388304(2020) Table 3 represents the different
values oftensile strengtfelongatiorand also warp
yarns crimpin the longitudinal direction of the
woven fabric samples

Nr. of Nr. of wefts

warp

Fabric
Construction

Extension
at Break

Warp-crimp Tensile ’

Strength
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yarns

[yarn/cm] [weft/cm] % [Kg/5cm] %

20 19. 9 152.5 35.2

P1/1 22 22 21 153.6 36

Plain 24 21 . 8 154. 9 37.3
Weave | Hop-sack 20 9. 8 141.5 32.5
2/2 22 22 10. 5 142. 2 33

24 11.1 143 33.6

20 9.8 142.9 33.6

T 2/2 22 22 10.5 143. 8 34.4

Twill 24 112 145. 6 35.2
weave 20 9.9 143.1 33.7
T1/3 22 22 106 144 34.6

24 113 145.8 35.3

Satin 20 5.2 138.7 30.2
Weave S8 22 22 5.3 139. 2 30.8
24 5.6 140 31.2

Table 3: The different values of fabricrimp, tensilestrength andextension at break in warp directitor all

fabric constructons
5. Results and discussions
5.1 Geometric descriptionof the interlacing

between warp and weft yarns

The geometric description of the interlacampgles
between warp and weft yarns, with the aid of
specific  microscopic  photography of the
experimental samples, was drawn, ipased on
Peircebds assumpt iaspshown f
in Fig. 7. A square fabric set was used, in additior
to a cover factoof 16.19 for the warp yarns and
wefts (that equals 23.02 for the fabric cover factor)

to approximate the shape geometry of the sampl¢

to the aforementioned Pierce description. It ig
noted, the stability of the sum of the interlacing
angles values betwedéme warp and the weft yarns
within a repeat of all fabric constructions, whosg

sum was determined to be 240° in either direction.

All the woven fabric constructions under study
contain only two intersections, despite the
differences in the number of yarimsweave repeat.
This is despite the difference between woven
samples structures in the following:

1- The difference in the number of yarns in woven
fabrics repeats in either direction, which are varieq
between two yarns for plain weave 1/1, 4 yarns fo
plain weave hopsack 2/2, twill weaves 2/2, 1/3, an
8 yarns for Satin weave 8.

2- The difference in the number of interlacing
angles within the fabric construction in either

direction between two equal interlacing angles fof

plain weave 1/1, the value ofaaone is 120°, three

equal interlacing angles, the value of each angle
60°, and the third is 120° for twill 1/3 and satin 8
weaves, 4 equal interlacing angles with a value g

S

each angle is 60° for plain hopsack 2/2, and twil

2/2 weaves.

The longitudiml sample unit was determined with
eight wefts to study the variation in properties
between all woven structures on a scientific basis.
That value is equal tthe number of wefts for one
construction repeat of satin weave 8, two repeats
for hopsack 2/2, tilf weaves 2/2, 1/3, and 4 repeats
fop Riain yeave 4/ gs gfwwn,inFig. 7.

- Figure 7a shows the interlacing angles values
between the yarns and wefts for plain weave 1/1,
which achieved the highest rate of interlacing
with equal two angles with a sum of 240r the
weave repeat. Plain weave 1/1 is distinguished by
this tight composition, as it contains only two
intersections repeated on two yarns in both
directions. That makes it the highest rate of crimp
values between warp and weft yarns for all woven
corstructions, and thus the highest rate of
elongation for woven fabrics as well.

Figure 7B shows the interlacing angles values
between the yarns and wefts for plain weave
hopsack and the twill 2/2, which achieved the rate
of interlacing with equal 4 anglesitv a sum of
240° for the weave repeat of consists of 4 yarns
in both directions.

Figure 7C shows th@terlacing angles values
between the yarns and wefts for twill weave 1/3,
which achieved the rate of interlacing with 3
angles with a sum of 240° for tiaeave repeat of
consists of 4 yarns in both directions.

Figure 7D shows thénterlacing angles values
between the yarns and wefts for satin 8 weave,
which achieved the rate of interlacing with 3
angles with a sum of 240° for the weave repeat of
consistof 8 yarns in both directions.
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A
B
| 3 E : : >
3 ; ‘Hopsatk 2/2 or T 2/2 Repeat:
c i
D
Satin 8 Repeat
Fig. 7. The geometric description of the irteing between warp and weft yatns as ed on

assumption of fabric geometry

5.2The research results aalysis

As mentioned before, the main research pointis t
study the elongation property of the fabric in thg
longitudinal direction, and it is weknown that the
test of this physical property is closely related tg
the tensile strength test. Beside #ftect of warp
yarns crimp in the result$herefore, the influence

of subsequent factors on the results of textilg

elongation tests had to be studied as follows:

5.2.1 Thewarp yarns crimp

The variation of warp yarn crimp values for the
woven samples according to the difference i
fabric constructions and weft densities, ag
illustrated in Tab. 3 and Fig. 8. The highest averag
value of warp yarn crimp percentage was achievel
by using plain weav#/1 with a rate of 20.9%. The
plain weave hopsack 2/2, twill weaves 2/2, and 1/
achieved average rates of 10.39h.the other side,
the standardsatin weave 8 achieved the lowest
average value of crimp percentage with a rate @
5.4%.

Furthermore, the waryarn crimp values of the
woven samples varied with the differences in wef
density, as there was a gradual increase in the crin
percentage values with the increase in weft densit
The lowest average value of warp yarn crimg
percentage was achieved bging 20 wefts/cm,

|=)

e o

—

with a rate of 10.9%. The average value wa

achieved by using 22 wefts/cm with a rate of 11.6%.
On the other side, the highest average value of
crimp percentage was achieved by using 24

wefts/cm with a rate of 12.2%.

5.2.2 Fabric tensilestrength in the longitudinal
direction
The tensile strength in the longitudinal direction
values of the woven fabrics varied with the
differences in fabric constructions and weft
density, as illustrated in Tab. 3 and Fig. 9. The
highest average value whrp tensile strength was
achieved by using plain weave 1/1 with a rate of
153.7 kg. The plain weave hopsack 2/2, twill
weaves 2/2, and 1/3 achieved average rates of
143.5 kg. On the other side, the standard satin
weave 8 achieved the lowest average valtie
warp tensile strength with a rate of 139.3 kg.
As well, the warp tensile strength values of the
woven fabrics were varied with the differences in
weft density, as there was a gradual increase in the
tensile strength values with the increase in weft
dersity. The lowest average value was achieved by
using 20 wefts/cm with a rate of 143.7 kg. The
average value was achieved by using 22 wefts/cm
with a rate of 144.6 kg. On the other side, the
highest average value of the warp tensile strength
was achievedyousing 24 wefts/cm with a rate of
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5.2.3 Fabric elongation in the longitudinal
direction

The elongation in the longitudinal direction value
of the woven fabrics varied with the differences in
the fabric constructions and weft density, a
illustrated in Tab. 3 and Fig. 11. The highes
average value of extension percentage (elongation)
in the longitudinal direction was achieved by usin
plain weae 1/1 with a rate of 38%. The plain
weave hopsack 2/2, twill weaves 2/2, and 1/
achieved average rates of 34%. On the other sidg,

the standard satin weave 8 achieved the lowept
40

average value of extension in the longitudinal
direction, with a rate of 30%. As well, the
elongation in the longitudinal direction values of
the woven fabrics varied with the differences in the
weft density, the lowest average value was
achieved by using 20 wefts/cm with a rate of 33%.
The average value was achieved by using 22
wefts/cm with a rate of 33.8%. On the other side,
the highest average value of the extension
percentage (elongation) in the longitudinal
direction was achieved by using 24 wefts/cm with
a rate of 34.5%.
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Fig. 10: The relation between fabric construction elements and the extension percentage values
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yarns in woven fabrics

5.3 Therelationship between the interlacing
angles values between the warp and
weft yarns and the elongation rates of
woven fabrics

To realize the effect of the variation of interlacing

angles between the warp and weft yarns on the

elongation rates of the exp®ental samples, the
behavior of the sample had to be studied during th
tensile strength and elongation test, as shown

Figurell. It can be concluded fromisifigure that

the test procedures contain three stages:

A. Initial elongation: The elongation of the
sample under the influence of the vertical
tension of the upper clamp for the test device|.
This initial elongation of the whole length (20
cm.) between upper and lower clamps is
dominated by internal friction between warp

=)

and weft yarns in intersection points of fabric
constructions.

B. Decrimping length: After the initial elongation

of the sample, it continues to elongate, but the
sample behavior in the middle area for a
distance of 4 mm begins to eliminate the
interlacing betwen warp and weft yarns. The
warp yarns become independent and taut, then
they are extended under the effect of vertical
tension as shown in Figures 11B and 12.

Sample deformation The tensile and
elongation load at that stage falls fully on the
decrinped warp yarns, which represented then
the weak points of the sample under the tension
load, while the greatest value of tensile strength
and elongation was recorded, the extended warp
yarns were deformed later.
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Fig. 11 The behavior of the sample during the tensile strength and elontggion

Referring to the abovementioned results, and
linking them with the behavior of the fabric

experimental samples of the three fabric
constructions.

samples during the tensile strength and 2- There were significant differences in the rates of

elongation test, the following results have been

concluded:

1- The extensioipercentage rates of the plain weave
hopsack 2/2 and the twill 2/2, 1/3 weaves had
approximately similar rates. That is dtee the
equality of all of them in the sum of the
interlacing angles values between the warp and
the weft yarns within their fabric constructions,
as well as their equality in the number of yarns in
the weave repeat. This affected the significant
convergene in the elongation values for the

crimp percentage of the warp yarns between the
weave 1/1 and all other constructions, where the
crimp percentag for plain weave hopsack 2/2,
and the twill 2/2, 1/3 weaves are 50%, and also
the Atlas 8 is 25%, compared to the value of a
similar plain weave 1/1. In spite of this, the
elongation values of the experimental samples for
the plain weave hopsack 2/2, atie twill 2/2,

1/3 weaves are 94%, and also satin 8 is 85%,
compared to the value of a similar plain weave
1/1.
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Fig. 12 The behavior of the sample during the tensile strength and elongation tastsiecond stagalécrimping in Fig 11B
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