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AU a8 el il ey (4-4) dsaad) AN ansl A8lanVl chLiaY) (55 5yall o2a

L@l Cilial sall Al Ty died) JS5 Joand deas J g yaall (aladll ciliel
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Aall il (SN Jpans myg O 8pidiall AEaBY) (ha £5 <) ANLIGY) pihl Ay ) clild) (4-4)Js2a

e (50%200 mm) slaf < Lial) )Ll o
G (50%200 mm) slaf il Aal) sl |
(ASTM D5035-11) o i Gy iy
2019 (fraged) &t ) *
4 3pea) 3 3geal R | syed
olatl ) G | olatl AUAY) s | ol ALY Has | olatl ALY A
il gl e laud Sl g5 ol Ll 50 eland) Ll g5 eland) _
(%) it (%) J5Y) (%) st (%) Js¥!
6.5 8.7 16.55 22.5 1
7.1 8.54 17.32 23.56 2
6.9 8.87 15.75 21.79 3
6.79 8.5 17.28 23.81 4
6.25 8.9 17.9 23.24 5
6.46 7.89 17.02 22.92 6
7.3 8 17.8 23.7 7
6.57 8.29 17.25 23.09 8
6.97 9.89 15.7 23.17 9
7.5 9.58 16.4 23.78 10

Jpaal e mpball g3l Jimia 33y il g8 Al ] L) Cang tLAA) Gkl 4ilh G LS -

ANV e af apen O Cun AU all alall e3al) Jaie LAl & o (5-4)
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g b Ml ¢ %5 LU adiaad) AV siise e ST Lggle Jpmnll & ) Slas]
bl g5l Jinial i ALY 08

LAY Al el £l Aada LSRN @il (5-4) gl

. JLEAY sig dagd
A o N
Il bl g5 5l adll i Jia)gall
shapiro
sladily Uiy A
. 0.207 Ll g gl ol
(%) ¥ | mm) e il s
ol iy s Lialgall) uua (50%200
o Ay gl Al
9 0.379 Hall gl el (a5
(%) S
slaily AUaiY) A
9 0563 uﬂ\.qs]\ &}.J slad) mm) él-iei Q\:ﬂ m‘ le-,ﬁi‘
(%) Js¥ ASTM ) cacaa (50200
slaily ULt A (D5035-11
9 0.928 il &gl ¢ laudl 2019
(%) Su

Jad ALl ey aadl Al adll Gillan i 45)lidl t-test paired sample sl ¢)a) 5 -
LAY 0 iy sy ¢l bl sal A Gy @l s Aiell  vigh JSAN Jaaes ey

2 dgenll dand Juala 22 548 ad o a3l Aaylall <)y ALY al dpl) 4l CGlus 2y —
Aagd Jaaes axys J 5yaall clipell ALY axdl Al agil) sy (6-4) Jsaall 3% 1 e
LAY dae
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Aall gl JSAY slal amyg S Byl cliall Agpead) AN pll Lpadl) gl (6-4)J g2

Al AUy) il paddl) adl o
35,41
mm) e < Lal) cflad) | mm) slaf @l Lal) clas)
2019 cwa (50%200 dialgall) G (50%200 -
(ASTM D5035-11) (Aot o) Aal)
0.747126 0.735556 1
0.831382 0.735144 2
0.777903 0.722809 3
0.798824 0.725745 4
0.702247 0.770224 5
0.818758 0.742583 6
0.9125 0.751055 7
0.792521 0.747077 8
0.704752 0.6776 9
0.782881 0.689655 10

585 8Ig=0.015 L) AN (g5ies t=2.98 HLoaV) dad of oo A8l Clinll b lad) 4o -
J Al apdl) llaigie cpo Gpdll ol JUlls %5 HLaadl Slas¥) AN (s o ol
Abalsal) pladinly Auliall mall fia juS dgay o Ja Lae ddlan) ATV 53 058 saays Jaxil)
Ay S ALl a0 an Lyl il o34 (e degane JSI slead) Jassgial) il 535a0l 5 Alaedl)
%7.26 Js N dasi
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:B s ganall cilyliid) 3-2-4
mMm) sl 13 dgal) adiad 30 Al claalgall (40l cllia) elyal a3 ghall i 8
llys «(100%200 MM) alasly (g yall slaily wigh JSa Jhans aaias Al daaalsalls (50%200
e i) Aaeime ald @l 53 0l ladl Slea il ) [29] J g aall el aladiuly

el olaly 1/ 150l ot S5 (ilad Al AU g 2l (558 luam oy cAlanall Aial) lay]

ASTMD5034-08 5 ASTM D5035-06 (yidealse aladinly Gubdll dulee Cadi dum ccaaally
B ie genall cuhlid) ehyal Siyg . oY) due abad Jaaad aayy J8 230 558 a8 G (7-4) Jsaal
clghall iy A e ganall lidey Ganill Leall e3all b el alyyll i) <3 ana

1710 Gy Laay) de alagl s dayg 8 pidal) (ELAY el add) 568 a8 (7-4)J )

ASTM D5034-08 Ll ASTM D5035-06 _Lial

(100*200 mm) alayf ifd Lial) (50%200 mm) slagf ild Ll
4 2ganll 3 dsaxll 2 dgazll 1 2gall

sladly ) 5gb sladly Al 5gb sladly ) 5gb sladly ) 5gb Bell) a8,
(N)ciasl (N)s)aad (N)ciaad (N) £haudd
136.93 286.42 242.76 514.54 1
133.44 298.90 229.83 488.68 2
143.62 264.68 247.16 477.37 3
132.98 277.53 228.45 464.37 4
139.22 287.71 254.87 436.21 5
139.25 295.7 259.22 501.22 6
130.44 273.31 250.74 440.34 7
128.14 290.14 238.52 470.91 8
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(7-4) Jsaad quun JLEAY) Lie slagl Joaad sayg J@ iLall) Ak g8 2l Ll Al (9-4)Jgaad

dgpudl) p Y

ASTM D5034-08 i) ASTM D5035-06 _lsal | 3508l s
(100%200 mm) sl <3 Ll | (50*200 mm) slagf <3 Al
0.478074 0.4718 !
0.446437 0.470308 2
0.542618 0.517754 }
0.479155 0.491957 ¢
0.48389 0.584283 :
0.470916 0.517178 6
0.47726 0.569424 7
0.441649 0.506509 ’

g J8 28 (58] Al aadl) Cilanigie 45)ld] t-test paired sample Lol ¢la) ol -
Ll AN (o5iusey t=2.414 iV b of e el gl JCE) s
axdll o gie c @l s AUl %5 sy HLEaSI AV (ssise e yraal Sig=0.047
Auladl apll B8a joxd agas o Jay Lee Adlian) AV 53 ()5S samyy Joaatl) J8 Al
Lol 2l 02a (e degane JSU bl Tausgiall aal 53gally 5 dldanal) ddaalgal) alasin,
b il (mlaasl e L Jay Lee %7.4 Jsa ) o Ly S il 55 2
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453 opidualgall (e IS Apadl) ALY ad cflad) 1-3-2-4
ALY ke o Algaa &3 B de ganall 2 58 a8 hlid) Ly capal ) Al iy -
8)s83all liialgall iy aladtinly g Gliall Gl

1710 Gy Laa) de alagl s dayg I8 il (ELaRY clind Ay a8 (10-4)J 520
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(100#200 mm) sl i3 &iadl | (50#200 mm) sagf <3 At
sladly AUaiy) | oladly i) | oladh Aoyl | olasl AUaiay)

(%) haad) (%) sl (%) haad) (%) sanad) Be Al A8,
11.44 16 11.91 20.58 1
11.34 17.61 12.05 20.37 2
11.62 15.81 12.74 20.36 3
10.46 17.1 11.71 19.9 4
10.48 17.03 12.94 17.73 5
10.91 15.98 11.21 19.8 6
11.79 16.75 11.9 20.51 7
11.95 16.24 12.34 20.94 8

s iy %5 AN g5iie (e Sl adll gueal Sig ) dad of axi (11-4)Jsall e -
orhll £330 it st AUEY) o8
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AN adll adall £ 63 Aada LA il (11-4)J gaad)

JLEAY sig dad
L_JAJ\ :\Q).\ ‘ﬁ,\m‘ &jﬂ\ ?7'&‘ &9.': :\-LA\JA.“
shapiro
eland) slaily Uiy
8 201 .
(%) ASTM \as)
8 78
(%) sl
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8 436 i
(%) ASTM Lz
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8 .36
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(10-4) Jsaad) quun JLaaY) e slagf Josad sayg b Dty 28l L] adl) (12-4)J g

Agpnadl) pl)

ASTM jLai) ASTM Las)
D5034-08 D5035-06 B )l A8,
Al i Al Al <l Al

(100*200 mm) | (50*200 mm)

1
0.715 0.578717

2
0.643952 0.591556

3
0.734978 0.625737

4
0.611696 0.588442

5
0.615385 0.729836

6
0.682728 0.566162

7
0.703881 0.590112

8
0.735837 0.589303
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O (Saall (g iy edgysudl Bpal) dyseanll B leeY) sale) ddee slaily Aadall dplailly dpe Lunal
ColS Jla 8 ) Ledgaa hada 8 aaliy Las (dlpas Cliialse adiad J50 (e s s 25
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ol Cua ¢ gaall galal 2l Laal Lale (gyag ¢ il goi Hpdl) L8 (e Ay pde A Gl
eha¥l Gaday avall s Ul 6 Lo sy (oayad dpsalall dadalll ddee ol 2y of Juad) (g
L) o2 Jagd of G (il aaxia gl Bas ol 8y il 3 Apmiiall A5V aladiuly el
dagiie yalic dighias Al o il Jae z350i ol (8 aaliy Lea myalll ALE 40Lu] & sdasy o
(e IS by BB 1Y) 3alall (e Al gilialge a5 yiaal) (i) die Jidat ddes
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Aex U bgall dhall 456 T

[mg/mm3] (0.75-1.1 siuls ) Jadll salal draaal) A< 6

t 0 (ElaAl dlel Caaally slawd) gl @il 3-5

Al malip Gada Balall Capas B Ll S g deleay Gsuls el e S Liding
(bl e3all 4 KA Aal) dpalyll Gl e IS aladiuly legie AS Glua aiyg Ay sulal)
i) lagd e e Comas o Gl LAYl sl ad Jglasy AE ) Jledii-algal cllabadg
G e Andiee hagdll (68 o) Jmdl) e G2l e sl il due e sl
LSS e sl dugpadl dial) lagdl dgliall hagdll Galid duh e Ya oddl il
el Ll (g Jagdd) adlaid o5 ([28] dgaline il (e mll 028 padliiul s ol (J3all
ASTM-D3822-07 4iualsall iy cllyg Japdll ad il Slea e coyoals (Jawtil) dlee alasinly
o Jpaall 3y ([28]opSall aclal 25mm/mine dejas (S8l sl o 25MM e iy
O LS g i) 555, Adads vie AN ¢ Uil (558 ail AiLaYl (JladiVi-aleal) Gl
sy Testometric M350-10kN Lsall i jlea alainly Lyl & .(2-5) (3-5)Jway
A(1-5) Sl Lpmpuail) Ja gl wdad im ANy adadll 558 207 Slea

#lsell aladinly dhate AV Culh Laaaal (S o (Ladl) dad) s e Sleall Jae Tane adiags
azy bal) g el ) (5055 8050 ASyan 58 () (golall il [yl a5 (s ¢(Shar lsa) Lo gracadll
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.Testometric M350-10KN Lgall a& (uld jlga (1-5)Jsdd

| | Tesk Mo | Elong, @ Ereak (mm) | Elong. @ Peak fmm) | Force @ Break (M) | Force @ Peak (M) | Strain @ Peak (%) | Strain @ Break (%) | Stress @ Break (Mfmm2) | Strain @ Peak (%) | Stress
P 1 30,191 30,033 11.017 11.559 119,965 120,595 121,343 119,965 Z.639

g tall LAY Al phad) A 05 Alaal Jlaki¥ - slga) Jalada (2-5) 8l

-
-

92
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1Al dacaly )l Al Bl Ky SlIX
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A geal) kst sy J Jokall Lo, L
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Jad - aleaV) Aste e oidlise oiihads e alea¥) 34 Ao idus
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Crann Ay sulal) Aadaill salall A Ae Bl ol 8Ll Dy guenall ) Canyaly ciisy Jalaag ¢y saslse
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JHERY) aidnga g gaaial) (LD G gSal) L) Salal) i ially gdagy (2-5)J g2l
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0.367 0.45 Cisalsy Jalaa
0.8 1 fos2 Jalaa
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P58y el dpadl) Hsuall e Lls el

ALl Cpana Blll ua ) kol

SN

A 5 e Gyl

S= —=>

Ot (@385a O ALl g dll L pal) adalall il G AB) (7-5)Jsid)

a,b,c cialea g J< Aplual) adll gy (3-5)J gl

MMJL elaull Jaga She o 4ilull (@) 0.714
MMJL Gaall higd Sl G 4Ll (D) 1.37
MMJL Lagal) el 3Sha G Gl (C) 0.54

98



rasSaugSaal) sgaal) aladialy (iladl) Jagdd dulapall adaliall du 6-5

G 5 luandy il (ailiad Ay o adied Y ilall uigd) oLl caliiahly pass dlae ()
Gy cclalaiy) 4318 e (ilaall 4y jeaadl seally Ll e oY s odath d8Ld) dpcaly )l i)
JSE (8-5) ISl (pe Jaadls G ccaaally elad) Jagd aagi dapl 5 (iladll danla agd Cangy
Lisa o gl ddee BT Lol Lo calily agil) aagi 4Ky sl (alall el plaidll
=5) (9-5) IS (1o zsmsiall 3oy Gann Lagaaingi o Ul Leagie JS ASya uags Sl Caaally ¢l
O Oxd i el ELal Ao (e lannns Leliwi aay agudl) o3a Alla el layeny S5 (10
Jas ealy JS8 s laud) lad e Aaliind ST Giaall ad

g-l.jquJs...\AS‘ seaal) Gl padal) Ghlaall g.ulai‘ g.a'aﬂ\ ékM\ (8‘5)&&1\-“

99



L4

s
Length - 810
4 -’

.

codidal) (ALY Al e dpag Abiadi 3y Ciaal) il (10-5)Jsd)

AalalicatV) oda o Clua e 1Y 4l (aladll 8 Jagal) adalny Alalal) Adaliai) o
Dl alasiuly 53 palal) (alaall ola¥) assll 4ppeaall 3ysuall (11-5)J<a (o Cum 5lieVY
Galall Cpulall Slea Gasa d5ase (ald malipn A suasally 58S Saall (Ssuiall jeaall dneadll
o sl dail) Clm (DA (e Lageal Al Lo Gl 28 jpeall oda e laldie )y ¢ jenlly
olailys elandl olasly) adalin ihadi (cpry Adlasall i Adaii die g plalil) dais die Jaydll aye

(sl

100



“HLE
Length : 41.0 ut

°
- S
N3 g
Length - 106.1 ui
|
4

gl adalin) Jalds wie culblusall ald aa Gilall) Ang! 4y g 89 (11-5)Jsi
o 30% dsa Ay yaal) Aial) e laall oimpel) adaial) bl o g Baw Ll gy -
owadll g caaall sl dually 10% Jiss () ciliay a8 @bl J8 sl L
O WS (Glad) lame JS3) kemp zisail Ly L) e o) gl JSE) e
:(12-5) <l

101



Bidal) Al adalil) Jalis ie (g dgadll) (el JS3N Bang Jagudd Jaliiaiy) day ) adiball (12-5)Jsil)
£1aull (b) 5 Giaall (a)

tAngulal) Aplaill sadl) sl G zdgalll Algdl JS& 7-5

13 Lagd (aladll G (g paall Tl Grgla Slie Y1 e 221 ] gl Qi dglee o LT A
syadll galal) o) (daile Jaid) Aylsie iy gk ol (agyme and) lpany o adile cilyed 3 (S
Jall s LeS aglais) saaly A€ Lyall jlie) oSap ¥ IV Aladl d 4l Cua ((monofilament)
o Lol Adlita o yaall Tkl il ailad ol judy Sllg ¢(Hgpaall Alall) Al Alall 4ol
@) Apgaall all 0S5 Eum g paall Alall GBily Lo 134y ciglsie cilyady Jaall 08l (ailiad
oLy Alee 8 dala (gyal Adin Ao 2SBI e a5 LaS ¢ ptiaal) LAl e dasudll il pun )
day el adaiall gl JSEN lie) YL S 13 Lo Joa as calaY) D igll =3 galll
Aluhall e el Gy COLA Adadi oda g cadal@ il oy Adlal) Ciualial Ygiay aalg Jalaaiy)
& (@1 pdaie) L) A1 W dgmy Lagys cddaliall J8) 28l 8 Jaydll 5S0 Cum Gna
oda ) s i)y [28] [27] [15] [6] Gala¥) e LSV 431 po Glasl 43la 131 ¢[34] lal) mny
vie Tt adaial aigl) JSaN sldie) o5 38 Ay sulall sl 2l e ja€ IS5 i Y Al
AN gl ¢ L) dlee ey (13-5)JS ¢ oapatl) Ll datial e daly adalail) Lol
cosdall Giladll il SN san ) sl gl 23 gail) (14-5) 0S5 7 3 saill

102



0.714
mm

Lgmlad) Ladall) Lland Jeal) apedl) DSl Sasgd dla) A0 7 dgadll gl Jeil) (14-5)Jsi
tApualad) Aadail) galiy Cpaud ALY dilacally (o s8l) (g gall) dings Ada e 8-5
ANSYS L giiall 5 aaliall ol uly ogalall sUSIaall maliyy (o ilill s el Caypas o3
Sl o SalSud) HLEaY 3lSlaey aLall Tagas clghadll e dlule s @lly; WORKBENCH
23 aafy czdsaill Ja e AU Clalea¥ly 5oills Jag i) (e Ao sane Gaadsi PUA e 3y ccang

1) ghadl)

103



salall Galsd Jayyy SO Cail Ay g ulall Aadaill maliyy (e igh JSEN 2 bl Aa g
(16-5) (15-5) Y (i WS Gpmpunil) )il sang] oustigl) 2 3 sailly
A<l all gy (17-5)dSall (Goaalls ool agd) z3gaill yualie G gulall msha Cagyes

Create Concept Tools Units View Help

sec (% - BREB V- HE (SEQAQFRAAE A F e /0 LML AP AP AP AP A

letude ghRevohe QpSweep 4 Skinlot

1 Thin/Sufface QBlend v Q Chamfer @Siice || @ Point B) Conversion
etditor: §flimport BGD (R]Losd BGD [Losd NDF | SR FlowPath o Blade o Splitter )
A2 = (S 7

 ExportPoints i SectorCut g Throatires ¥ CAD Import » | D Preferences.

vlesm@

el
@ A warp

<3 X¥Plane

3 DiPlane

vk VZPlane

@G -

v lmportt
(4 Parts, dBodes]

Model View [Print Preview

Ay galal) Aalall) galip e gugptall g dgaill oauigh JSED L) Lk (15-5) s
Sl vome | Geomey  Dipiay  Seledion  Automation
d oo B2 | E 2

" Rraste STree | Cores 2 Sebe | [ AMNES o n
Outine Sone

ne -30x  aa

) N g

. commands ®images~ ﬂ E H VTags EManage Views &' Print Preview Mmanage-

n CIcomment  CHSection Plane Owiarg  [Eselection Information < Report Preview Eluser et

Gfchant EAnnctation | UNME Worksneel Kedame o cmow Errors ERUN Converter
Toos

nes
Elkey Assignments  shony (JReset Layout
Layout

S Q@ QA Sdet kModer B B(B/BE D E P ECipbord [Empty] Dexend- I Seectby- B Comert-

Engineering Data Materials "X

@ Il

%3k Coordnate Systems W Weter Liquid
Connections

4~ W Structural Steel
5 20 Static Structural (AS) * A

o
E 95 Solution (A6) X wap
73 Solution

Suppressed I

finess Benavior _ Flexible

Jordinate System | Default Coordinate System
terence Temperature | By Environment

[Mone.

Structurs) Steel |

nlinear Effects  Yes
\ermsl Strain Effects | Yes

el Agaly ada Lial alal) 5alall (algds @il gigalll by dules (16-5)Js)

104



Aggulal) dalalll maliy Cpada ulall) g ghan iyl Alae (17-5)Jsil

(craeall) LS Bang) dia) (A £ dpalll dpgrilal) pualind) A5 2045 Lles (18-5) sl
Aot At o) Al ailie et ) sl Cus G dgaall gy aay da e
dsas iy Cum 22l lasY G Lele dadadly leadaw o duagalally dgypnd) sl il
:(19-5)d8al (py LS zasaill Joha e 3ams 4yy5na (558

105



gshad) oda o Lpagalal) 4y paall gail) L5l daaldl) pgladl) g ASll) ailocal) cld g ghand) (19-5) s

1z isalll Ja Usje 9-5

salall Al Ly giiall yoalinll A sine JS0E0 L guslad) Andeill aliyg 58y Alayall o2 8
e o ading Lma Lia) z3satll o (e ¢ SLaa Gpanll Lag 805 el DG 7 35all) A
Lo 1aas elela o yuy distiaall odn J 8 Lpsa s Jareatil oggie canly Ling sl Lavuas
daals dpuigl) z 3t 05$5 of Gang Wesac s «[28] [271 [21] [16] [15] [11] colagyl apaell 45]
PA e 58 psedal) 138 Giad Gl mgmial) GELEN Aadaiy leiy Lasd Lol capgdall 13g) Ly alladl)
Jals «Jall A6 dgite yualic ddghiae algi o 5o pwvia OLS 53 GsS alal) (D zhgai ol
bl LY (Bl lanzas) kemMpP 735 aladind 23 duhall sda 8 adl sa ol o AR 5
Gabhll Lda) molad) o2a ssaa oy Jalas (51 050 dacaly IS polais ()9S5 o el
(Jall AL Ggiia jualic Ashias S J aaluy ol (8 JGllse (Radapel) alaldal) ey & (5)2Y)
gl ey 8 Tac Luse Slale Zaay g jaal Ha) saldd) cDlase a3 lee (b GBone Lal 43La)

~5) ISl (i i cCanll (e ghall 138 8 dug el Al 2 3gail) Ja il e g 200N JISEYI
£33 (21-5) ISl Ga Lah o lawadl Ja gt olaily 2l (553 (3 ¢ LT Aaslill clalga¥) 3855 (20

106



Lo g olaily Al (558l (el HISAN) dpmpul an gl 3408 Jsha o A jally Adhall Y LaisY)
Sen) e Al il Joda e ALY laie £555 (22-5) 0S8 Gry Lag Ll ela
sl alal) Sl gl dlee DA Aaslll Y i)y SlalgaY)

Sinamed Selection [ Commands [@)images™ 4—'{ E H ® Tags D Manage Views & Print Preview s Manage ™
m
3 Coordinate System LJComment P Section Plane O wizard [ia] setection Information 4 Report Preview [ user Defined™
Units Worksheet K Full
#, Remote Point il Chart 5 Annotation nits erkhect Ke A B show Erors & Unit Converter EKey Assignments | seeen (J Reset Layout
Insert Tools Layout

QA @@ St kModer HEEDEEBBE % [ECipboard- [Empty]

"% B

Solve | Analysis

& Extend~ 9 Select By~ -B Convert~ _

B caese

2019 R2
ACADEMIC

.0
0.87040
0.72588
0.58127
043683
0.20204
014742
0.002811 Min

x 0.000
~ 0.500

2,000 (mm)
]

iv B X Tabular Data

W | [ [3 Cycles Time [s] |[¥ Minimum [MPa] | [ Maximum [MPa]
= = B 1.3043

2.811e-003

Graph

Animation | b (@]

I
i

10 | 20 Frames v 2Sec(Auto) ~ B &
0.14

placd) oladly 2& 58 (Gaadali Al auedl) )il Joh o (stress) clalga¥) g5 (20-5)Jsdd

BB ®named selection B Commands (8images~ c—ﬁ = E @ Tags () Manage Views & Print Preview
m |_:

v - ﬁ &iManage
+
ed Bl i coordinate system [JComment  [HSection Plane © wizard [id selection Information 4 Report Preview

[Duser Defined |

solve | Analysis g b emate Point il Chart [ Annatation Units Worksheet Keytame  E3 show Errors & Unit Converter EldKey Assignments | s CJReset Layout
Solve 7] Insert Tools Layout
BN ﬁg’-‘; By Q@ @ @ Select " Made~ FEEEB® = Ecipboard~ [Empty] & Extend~ 9 SelectBy~ B Convertr _

ACADEMIC

0.81249
0.65071
0.48893
032716
016338
0.0035999 Min

2.000{mm)
]

Graph w 1 X Tabular Data -

Animation |4 b [W] V][]0 | 20Frames  ~|25ectavte) | B @ B EE 2oy |- Time (5] |[¥" Minimum [mm/mm] |[¥ Maximum [mm//
£ 1. 3.5999e-003

\
-

csland) oladly A (g8 (bt Al ameadl) LS Jgh o (Strain) LN g5 (21-5)Jsa

107



TTsert o Layuur
@ @ @ @ Select ™ Mode~ EEEREB®E %= Edipboard- [Empty] & Ectend~ 9 Select By~ -@ Convert~
2 ANSYS
2019 R2
ACADEMIC

023673
0.17735
011637 v
B 0059183
i 0 Min
v
Lo v B O % 0000 1.000 2.000(mm) z X
~ 0,500 1.500
n
T T T T s [ | [ e e aeemes [
i Animation | >|E| IIJ_H 0Frames v 2Sec(Auto) ~ B @ = [3 Cycles [Time (5] |[¥* Minimurn (mr] [[¥” Maximum [mm] |7
0.33264 0.1

[mm]
.

sl Ny chalgal) e} oo Aaslilly Lapedl) Sassl Job e Aiuy) jlaka g558 (22-5)JSl)
13l Bl gy saal) slas¥l

DMe 5 oV laaly) 5 Slalea¥) e IS g6 ot il (25-5) (24-5) (23-5) Jway)

caaall Jagid olails 28 (58 Gulsi i @lly asedll IS sang Joh e S ALY

- ERA Swnamedseleion [ Commands (@)images™ = = H L 1ags D Manage Views &' Print Preview :E( S Manage™
o mft |= a
i Coordinate System [JComment [ Section Plane @ wizard [ia] selection Information 4 Report Preview [MHuser Defined™
Solve | Analysis Units Worksheet Keyframe Full
7 WS @, Remote Point il Chart B Annotation - Anﬁaﬁm [ Show Errors i Unit Converter [ Key Assignments  scraen J Reset Layout
Insert Tools Layout

F]
i eaQ Glg'.? O - @ @ @ @ Select " Mode~ HEERBBE = Edipboard- [Empty] &iExtend~ 9 SelectBy~ @ Convertr _

] ANSYS

2019 R2
ACADEMIC

0.20443
0.15369
0.10296
0.052218
0.0014805 Min

x 0.000 1,000 2.000 (mm)
]

w § X || Tabular Data wovvniimene P

Time [s] | [+ Minimurm [MPa] |[# Maximum [MPa] [ [ Av

1.4805e-003 0.45812 6.5363:

e —
© animation |4 b [H| 0l (0] 20Frmes  ~|25eciavt) < B @
w

-4

ccdaal) olatly Ay gaall Q&) (598 (Gaadati Al el 1Sl Jsh o (stress) clalgaY) g5 (23-5) Jsal

108



- % BB &uamed selection [ Commands @ images™ — = H ¥y Tags D Manage Views & Print Preview s51Manage ™
[=]7]

i Coordinate System CJComment [ Section Plane O wizard [isselection Information 4 Report Preview [ user Defined~
Solve | Anal 5 Units Worksheet K Full
owe | AMAE g Remote Point il Chart [ annotation nits Workshieet Keyframe B show Ermors 5 Unit Converter EKey Assignments | cereen () Reset Layout
Insert Tools Layout

B ea eve

» Q @ @ @ Select " Mode~ EREEm®E [ Clipboard~ [ Empty ]

@ Extend~ 9 Select By~ B Convert~ _

) ANSYS

2019 R2
ACADEMIC

0.25636
019307
012978

¥
0.066484
0.0031925 Min
v
ox 0.000 1.000 2,000 (rnirm) z x
)
~ 0500 1,500
Graph v I X | Tabular Data -1
Animation | >|i| IEﬂ 20 Frames v|2Sec(aute) ~|| ZH @ i B OB B 3Cyces | | Time (5] | [# Minimum [mm/mm] [[¥ Maximum [mm/i
£ 11, 3.1925¢-003 0.57282
£

cchaad) oladly Ay gaal) M) (o9 (e Aol asedl) SN Joha e (strain) c¥d) g5 (24-5) Jsdl)

- % BB Snamed selection  [E- Commands (8 images~ ‘_f: - E @ Tags () Manage Views & Print Preview )i SManage~
—

sK Coordinate System C1Comment  FSection Plane Qwizard [ix] selection Information 4 Report Preview [Luser Defined~
Solve | Anal . Units Worksheet K Ful
olve | AnalsE @ pemote Point i Chart [ Annotation nits Workshect Kefane o show Erors & Unit Converter ey Assignments | sereen (JReset Layout
Insert Took Layout

aa ewe %

Q@ @ @ Select Mode- [ F) FEE M ® @ FlCipboard- [Empty] @ Extend~ @ SelectBy~ B Convert~ _

) ANSYS

2019 R2
ACADEMIC

0.19265
0.16857
014443
01204

0.006324
0.072243
0.048162
0.024081

0 Min
v
X 0.000 1.000 2,000 {mm) < x
- ]

0.500 1,500

Graph v [ X | Tabular Data -4

Animation | bli‘ IEﬂ 20 Frames ~|25ec (auto)  ~|| BB | @ i | BE BB B 30ycles | i MEMZWMJ&%
E
Zihaal)l Y iYly clalgal) lea) e Aadlilly adl) Sasgl Joha o Aiud) ke g3 65 (25-5)Jsd)
i) gl g saal) slad¥ly

-

tAadail) il 4Bl 10-5
Aysaall (5sal) Gaakat e Aanlll Alaias eV led )y clalea) cre JS o 2a 48U QY
055 o(aaally ¢laudl) coalady) N alall Hlgdl Ak aie agl) S ) san gl 0k ALl

ey indsad Lnpaail) hSil) sany el dpeal 50 ling ccianlly slaud) G aalitl) Ll vie dyalacf

109



138 Garin 55l A yall lubpall o yaad) il Gl Lo sas ¢ SlSaall aSha 3 Giladll JalS
28] [27] [21] [16] [15]2aall

L2 el golal Sl 0l dlend Ly purlall 5SIaall e Aailill Aeg )l clidanall e Tl
ALY cpdalill Ll die 5)S jiall cilalgadll adiall all 381 &3 (Apmail) a5l 308 e dddadlly
bl Adais JS aie halgaV) sda e Aailill (g5all dad Copuny Al Agluall clleal) cla)
Al AN g i) 558wy Lgiylias (Aeadinsall ddualsall alaal Cn) (Ll dadad Gmpey Jobay
i) gl Al A3yl (i (27-5) (26-5) IS . el Adaal (il 2l il e hal¥l oo
Auhall il eha¥) e Al Ay ls 28l andy Ay gulal) 5Ll e dalill AlaiuYy

.Testomatric M350~10KN ix suial) LB 2l Glea aladinly ol 5 a8, cagfilly

N s

™ 1400

Alaadl 3y ) 1200

| 1000

. | s00

W valal.

Aglaall Ao 5l Asadl) L 600

t 400

L 200

N
Doladl alll A8 oladl slasl 220 33
459.1 A65.67 1054 1272.8 sl a8

JS Gk oo Al g ail Al il QLN Ciaadly slaad) (e JS sladly A 38 ad 43,8 (26-5) s
Al 2l s el quasdad) aladinly Aadaill (ha

Aadall e Al a5 (98 ady Adedll agill G 35yl6e 250 (g8 axil Uadlll A o 2y (B Laay
s cchaadl sl 1.5% Jsa (A dosi a3 17.5 % dsa ) doc ool olaily D suslal
ilee o BB & Lal) Coaall dosad Apilly o) o gid Fadi pal) LSESH |3 das 39y (3l

110



i () dwain Gailiadd alell aseially (aly Jadd G jaal) (Eladll Aiged Ay sulad) daial
ey (58 o oSl (e A saalall 3L dilee Lgle (5ymy A Apmatl) A5 A lad) 286K

Masl) B salyy by dagiidl juabiall dghas da o (i dale

ol 2 %

= T . T 40

| N L

N ™~ 30

N 25

\\"\. 20

R ~ 15

i | 10

N

Gl e T ALY o el olatl ALY A8 oo

26.055 30.25 35.455 38.65 sicyl a8

Gab o8 Aall 55adl Asad Giaad) 5 elacd) (e JS ladly sl ELaal Al AN a8 (27-5) sl
LAl A s haYly qaalad) aladiul dadall)l pa JS
e JSolail 13.5% 5 9% ss ) il s dynal) AU apsl dpuilly Uadll dus o aay LS
sl Caaally o lad)

3528 apatl) (gl Ay paslal) BLSLaal) clasiiasly ) @l e JS o Wadll A s Lagac
A DN gl 7 gl Jla) dagday el N il g S cClisall (o 3 Y 220 )
G sty Lbea Sy ) (S JalaaS) Aladl salll caae ) canis il 5 (ilall
el aladind aae Jule (35S a8 Ly collil o) 4l 53¢a¥1 i axe Jla b Ll
JS e Balud) Leahall s Lllaa) o Sale o0y Wt B el 3 T Al 5aldl 8 e

A ALE Apgiie ypalic ddgaias

111



;u.ad\.ul\ M‘
Sla yital) g puilidll



i) il

-l Jalaally Eaanl O (aalis

ZH38) 8 e Y A prusial) A Sliad) 28l HLaaY sladl Greadl) ASE da ) L
Gorall e A 8 e Jo ol Sl Sl o as g€l amall e dalad) Jolal)
cJstall s3gd duleall

sl Gmyal) (3an bl anig bl elyal 401 Lgle cadie) ) agial o) 2
Ll alasial P (e Ay ¢ ajall 13g] ol zasas ol Pl (e Ciad) 415 dadledl
skl o lan alasiuly dilail dlee dal (e omia S8 bl £33 Cangy Al

Cruen 280 LAY il ol 8 Lds bt @lia of i) elya¥) A e (s 3
5 sl olat¥l Al alayl Jiaad ciaaie) Ll ASTM . D5035-11(2019) il sall
il HLaaY) (e LoDl Ljlie 220 5580 Al 2l 5l 4 il (Las el
Aaalsall Al Jilee <805 ALY 0031 %7.26 5% 18.12 laiay (apyll sl
Al il ds S mjall olaiVL Al alad Jhaes cinic) alls ASTM D5034-08
AN 281 %10.7 5 %74 jlaiey a8l 5580 Aaslal

Ay sal) Al il sall Aip Cirng 38 Auhall 234 Cilajiie (4588 Dol i) e Ly 4
Jaae sl sa diialge (i olaily o) ALl 3y5ally il Adialsall aiia sy dindl)
e Clala (4585 O (S Lgaliniad @ ) Auliall al) 8 el caws o Cua (L)
Dae¥lsale) dlee Pla Wbl Saall o A Ao gusiall a0 250 558 apiy 2o Lus
ehaY) (e Lgle ¢ puall adid o3 Al Aaal) Gldalgall (gaa) adiad Loyl J52 (10 Aenldl)
sl

Al LaaY dagphad) EOlaail syl aadid) Luhall ol b el syl Z3sall o) L5
o Aialge o) gpae Ll Gl e Jaes Gl aniil mliay da suiall LB saall galal

«L\b\.ﬁa‘}_}\ 532 (e JS 4:\.;.4};4; ﬁ.cb.n & dacluall aYlal &

113



s Cliag din sl alal alll LAY hise ogula z3sa W) Auhall s B S5 6
Jusi o 8 Agdadl il 4jl60 17.5 % s ) Juci elaaad) slaily 2l 568 ol Uadl
s Lyl A 2l dpally Uadd) dows cl€ Lay ccaaall slasly 1.5% s )
st doabae ) Clalea) o i WS el Gaaally eladl e JS olail 13.5% 5 9%
caaally glaud) Jagd adalis (3lalie die (&5 Gl

sl Giladll Slay =3l dae) DA (e z3saill Japads asgial Jualill & 58l) (aje &3 .7
Jid O LS il dga o Jall AL dpginall pualiall A iine JS& ae aaiyg dgn (e
coalall JalS @l Jian b Jlad ye0 4l Lm0 Bas gy ol o 3 gl

114



: Gl yi8al)

Adaalse ol sl 1Y) 25 5s8 bl Ay sl Ayl ) Adalgal) Juaes Ayl oda 8 i L1
AlSa) Ay ) Ailn) diaal) ilaliial) Jd e s dagplaal) clicalsdl o Ly aaa
el ol et SV Joall J8 e aiad Lo o 2y dialse (ga ST 35ng

A lie (a1 gy Aasaial) Al e Al ¢ 11 e a8l chlas) e agiall elia) 2
Ahall il ¢ eV ena i) bl o 3gadl) aladinly da g ) Zgaal) Clical sall
A Anally Ailes il dacly ehaly aam LS ¢ Sl I bl 3ac 8 ap s Cargy
Sl Asably dnguia e

e al) HLasY Lulia) aydl) A5al Al sda b & yaall bl zdsall aladid 3
el Cilalaially] dmayal) Cluhall J (e siial) LSSl e 2ayy 8 Angusiall
s solad) Guail) AS4e Je liall

il Alee oLl 5yl 280D L5l olsludl 2]l A oyl aladiiad 4l Al .4
Ol e g ol L) 228 Ae i 50 ae aludl 138 a0 Adaade Ciagr el galal
cadall 13 da g yhaall

gl JIEY) e Aall Jobiiasal) JSAI Ley 3pan ) el spaatl Aals clul shal .5
el aty digh JIEYY (e il g Apieal) colabiiall el ol 29083 Caagy (523
Jageiall A8Vl daldll dialgl okl il

e Adlide il Hsaall gala) Salindl adll HLasY dpsulal) Aadall chyal e Jaall .6
s Jla Ul 52e 8 g Coagy Slldg Aahaall dmynall (oIl b da guial) 45aY)
Aasuiall A58 28 ailiad by Gl Lad 3anaa Clasent () Jgaasl) Cags ¢ V)

Alenll 03¢l A guelal) Andail) dulee e dailll

115



)l

1A ol aa)yall

Arala Al Arigl) 4K cadaall juaiall Cglud pulall Bae ey apenaill b (JGS L1

Gl gudiia Lgdl Hlial ¢ Leaal o J\}AS\ eJr— (e colaga }1\ c‘“;.r_dm (el ¢l 53 asaa 2
2014 819 axadall 28 j (e daals

deblall slaall 5o ¢ 1ISO9000 53915 Alalall 5agall 3)0a) ) Jaad) Gl ¢ all ¢l .3

2011
AiaY) el

5. CSN standard 80 0810 Zistovanie trznej sily a taznosti
pletenin,(2003),NEW  HORNO  university (Recognition  of
breaking stress and strain of knitted fabrics) .

6. Damien  Durville, FINITE ELEMENT SIMULATION OF
TEXTILE MATERIALS AT THE FIBER SCALE, 2009 CNRS -
UMR8578 [/ Ecole Centrale Paris, 92295 Chatenay-Malabry -
France, damien.durville@ecp.fr

7. https://www.instron.us/testing-solutions/by-test-type/tension/astm-
d5035 .

8. Hu, J. (2004). Structure and mechanics of woven fabrics.
Woodhead Publishing Ltd. P 102, ISBN 0-8493-2826-8 .

9. lbrahim.G.E, (2009), Textile quality inspection and control
technology, ALMAJMAA University, Science and Technology
Magazine, 255-4 sd 198/22.

116


mailto:damien.durville@ecp.fr
https://www.instron.us/testing-solutions/by-test-type/tension/astm-d5035
https://www.instron.us/testing-solutions/by-test-type/tension/astm-d5035

10.ICS : 59.080. 30 S.N.S: 13 partl, Syrian Arab Org For
Standardization 2002 Textiles - Tensile Properties of
Fabrics. Determination , of maximum Force and
elongation at maximum Force using strip method, Syrian
standard specifications.

11.K.Krishnamoorthy and T.Sasikumar, Analysis and
Characterization of Tensile Property of the Composite Specimen
using ANSYS, International Journal of Applied Engineering

Research ISSN 0973-4562 VVolume 11, Number 1 (2016).

12.King, M. J.; Jearanaisilawong, P. & Socrate, S. (2005). A
continuum constitutive model for the mechanical behavior of
woven fabrics. International Journal of Solids and Structures 42,
3867-3896.

13.Kovar, R. & Dolatabadi, M. K. (2010). The way of measuring of
textile fabric deformation and relevant equipment. Czech patent
No. 301 314. .

14M. L. Realff, M. C. Boyce, and S. Backer, “A Micromechanical
Model of the Tensile Behavior of Woven Fabric”, Textile Research
Journal, Vol. 67, No. 6, (1997), 445-459.

15.Mithat Zeydan, Prediction of Fabric Tensile Strength by
Modelling the Woven Fabric, Erciyes University, Department of
Industrial Engineering Turkey, CH 8, Woven Fabric Engineering,
edited by Prof. Dr. Polona Dobnik Dubrovski SCIYO, Published by
Sciyo Janeza Trdine 9, 51000 Rijeka, Croatia, 2010. www.sciyo.com

16.Munshi Mahbubul Basit & Shen-Yi Luo, A simplified model of
plain weave fabric reinforcements for the pure shear loading, Int
J Mater Form, Received: 5 January 2017 /Accepted: 30 March
(2017), Springer-Verlag France 2017, mmb0020@auburn.edu.

17.Nasrin Ferdous, Md. Sadiqur Rahman, Reashad Bin Kabir, Arif
Eftekhar Ahmed, A Comparative Study on Tensile Strength

of Different Weave Structures, International Journal of
Scientific Research Engineering & Technology (IJSRET), ISSN

117


http://www.sciyo.com/
mailto:mmb0020@auburn.edu

2278 — 0882 Volume 3, Issue 9, December (2014).

robinreashad@yahoo.com.

18.Nazanin Ezazshahabi and S. Mohammad Hosseini Varkiyani, A
Review on the Poisson's Ratio of Fabrics, JOURNAL OF
TEXTILLS AND POLYMERS, VOL. 8, NO. 1, JANUARY 2020.

19.Peirce, F.T., (1937). The Geometry of Cloth Structure. Journal of the
Textile Institute, Vol.28, No.45, pp.43-77.

20.Peng, X. Q. and Cao, J. (2004). A continuum mechanics-based
non-orthogonal constitutive model for woven composite fabrics.
Composites: Part A 36 (2005) 859-874 .

21.R. Befru Blyikbayraktar, MODELLING THE  CROSS-
SECTIONAL PROPERTIES OF YARN ALONG THE
FABRIC, Dokuz Eylil  University, The 22nd International
Conference, Fibres and Textiles (1) (2019),
befru.buyukbayraktar@deu.edu.tr.

22.Radko Kovar, Anisotropy in Woven Fabric Stress and Elongation
at Break, Technical University of Liberec, Czech Republic,(2010),
Woven Fabric Engineering, edited by Prof. Dr. Polona Dobnik
Dubrovski, First published November 2010 Printed in India, ISBN
978-953-307-194-7.

23.S. Kawabata, M. Niwa , and H. Kawai, “The Finite-Deformation
Theory of Plain-Weave Fabrics Part 1. The Biaxial-Deformation
Theory”, Journal of Textile Institution, Vol.64, (1973), 21-26.(701)

24.San Mlali and Rod Adkaen, Finite element method and application ,
new Bangalore University 2011, CAN 12-87-11.

25.Takano, N., Uetsuji, Y., Kashiwagi, Y. and Zako, M., (1999).
Hierarchical Modelling of Textile Composite Materials and
Structures by the Homogenization Method. Modelling and
Simulation in Materials Science and Engineering, Vol.7, No.2, pp.
207-231.

118


mailto:robinreashad@yahoo.com
mailto:robinreashad@yahoo.com
mailto:befru.buyukbayraktar@deu.edu.tr
https://ar.unionpedia.org/Finite_element_method

26.Vassiliadis, S., Kallivretaki, A. and Provatidis, C., (2010)
Mechanical Modelling of Multifilament Twisted Yarns. Fibers
and Polymers, Vol.11, No.1, pp. 89-96.

27.Yang Shen, Modeling of Tensile Properties of Woven Fabrics and
Auxetic Braided Structures by Multi-Scale Finite Element
Method, A thesis submitted to the Graduate Faculty of Auburn
University (2013).

28.Yang Shena, A.J. Meirb, Yanzhao Caob and Sabit Adanura, Finite
element analysis of monofilament woven fabrics under uniaxial
tension, Auburn University,The Journal of The Textile Institute
(2015), 106:1, 90-100, DOI:  10.1080/00405000.2014.906098,
downloaded by: [The University of Manchester Library], link of
article,http://dx.doi.org/10.1080/00405000.2014.9060980r
http://www.tandfonline.com/loi/tjti20 .

29.Zborilova, J. & Kovar, R. (2004). Uniaxial Woven Fabric
Deformation. Conference STRUTEX, TU of Liberec, pp. 89-92,
ISBN 80-7083-891-4 .

30.Zouari, R., Amar, S. B. & Dogui, A. (2008). Experimental and
numerical analyses of fabric off-axes tensile test. JOTI, Vol. 99,
iFirst 2008, 1-11 European  standard EN ISO  13934-1.
Determination of maximum force and elongation at maximum force
using the strip method.

119


http://dx.doi.org/10.1080/00405000.2014.906098
http://dx.doi.org/10.1080/00405000.2014.906098
http://www.tandfonline.com/loi/tjti20

Slalhaadll Jgaa

Tension Force A5 58
Yarn strength Laall 0% 368
Fabric strength Jilaall 0 368
Extension aaai)
Elongation% Ay
Initial tension Ay Akl 58
Poisson’s modulus Osmslsr Jalaa
Young ration s dalase
Raveled Yarn Juda Jad
Revelation Gl
Tenacity test Al laa)

Paired samples t test

AslSil cliall t sl

Finite element method (FEM)

dagiiall paliall 45yl

Stress-strain diagram

Jniiy - 3lgal) Jinie

120




Abstract

The uniaxial static tensile test is one of the most important tests necessary to
verify the resistance of woven fabrics to tensile forces. In this study, the
behavior of woven fabric during the uniaxial static tension test was examined
and the effect of the problem of side contractions that cause unwanted forces
occurring during the tension process that causes an imbalance in determining
the actual amount of elongation and tensile strength. In addition to studying
the solutions proposed to overcome these contractions, whether by research
studies in this regard or by organizations working on preparing the required
specifications in this field; And from it to study these solutions and judge their
feasibility. For this purpose, in this research a mathematical arrangement was
prepared to judge the solutions and modifications proposed above, and
correction factors were reached that allow modification of the tensile and
elongation forces values according to the different standard specifications
adopted in the tensile tests.

In this study, a simplified computer simulation of a type of woven fabric made
of polyester yarns with a plain structure was performed to understanding the
nature of the stresses occurring in the fabric during the tensile test. The results
of the computer modeling experiments using the finite element matrix showed
good agreement with the actual values of the laboratory experiments,
moreover the maximum stresses are at the point of intersection of the warp
and weft yarns (intercourse region) and to a lesser extent, whatever moved
away from it.
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