111 699 axie 1394 Sl 9 sl 9 o lad Odz0 (qwdigo 38 (S0 9 Idod (Sld w9y ad g ole 4 s

byl o 31 s jlaa (JB g7 slailginl glrdiges gous g5ludue

(SFnS 0970 g P ytS (595 2 ool Jlos! by piss

# 1 W .
> M0 ¢ (2B Ligu
(0) 32955 (o plol Lholliyn sBLIS (rydmo (cuwiiteo 09 )5 il )| (ol j 15 (g gzmaiils =1
(0) (32955 (o plol Modliyn LIS (yimo (cuwiteo 0g 5 ¢ybuiidls -2

oSy

5L sloaiy 30 b0 4y 5L 3 039 Az (55l JSbun Lo lge e 3 515 ki ille hlisko gylis y3 ol i
ey S allio pl 53wy 55l bL oo JBlus 4 (lgi (00 olz (50,1920 53 Lol g JSb pdS J S Loyl
99 & 5l (> (S ol 3lw Joo 1) s slo JIB g7 glailgiwl (sladiges )0 (SudnS 092 g JSb pundi
Crdiges 59y p (SHD Sluogas puani Sua b Saali.‘;.g.laj Oladlao lasl «jgbiwocp! Gl Cawl Wglin god Layl o
PEs b3l lp codgumo a1 angi bl suid plxil owy SBT g Siuwamlo ¢y slo (rumb GBAiges g 35 £ gouan
(593t bih il 5 Sgm ol SaS & 5590 A GhalojT coal s S5 yaie YU AT 53 el T plandl ol
©oue s ibdon Mol g s lu (gl ouls plxil 6“;;".’.“}7 w6 al plxil g5 puses Hlos JB o glailgiuw! ladigal
Sy SS9 Sl gt | Lot st (51 2 00 20! Joo 31 ol 50 9 < )5 51 B oolasiw] 5,00 ABAQUS 381 4 b o5
S fay] s Cexd oy SebT g Sowdislo (g yln omtanb (GLBAg0d s jlas g1l gimw! GLadiges o
O Bl 50 sl S a8 010 (LiS (g o 31 fols bl Ll ol O =0y >0 =0 >03 =0,
30 o ol oS (50,1990 LAl S 90 )0 9 (o W yguo A i ylas gldil giw] (GLddigad (o410 j0 ouud 53
cow 1255 99 ;@ 5. a8l oo BT A law jo Bolai r1)9f LSl 01 =0, >0 =09 > 03 =0, s w2
S g0s (yu 53 (owy SBT (6 y WS S35 HLid o oS g Somwduwlo 51y ComSls iz jo w8 J310 HLikd o s
0 51 oy AT (g1t Siasdly 5,5 5yt 3 Kol (611 Dy (555 3t yiaS (reipon ool anfllan 0,90
ooliiwl 8 90 (5 la> IS adgl HJLAS lghe @y Wilel o CanSl alizxd jo wileS S5 10 HLES . Cawl ol Jols> souce 55ludow
S BU

Souls o5lg
ABAQUS ¢Sy a0l « JS yunii i Hloer (I g3 (5l g

Wlio (ul 4 glo

0375 5SS eais (539 2 0B Jlasl (Sl Ll il etz (55 slalsial sladisas ose (s3ldas (1394) o (i o (2B
111-99 (9)5 (jome (cwdige 40 s03e g o sla by, ¢ (KinS
http://dx.medra.org/10.17383/52251-6565(15)940919-X

Meh_hosseini18@yah00.com :LslKe lsoage

99



Qox0 (uckige 0 SO § (oD (S gy (ARgR ools 4 Hl

T ° CnSS (pen lp JB g lalyind sladiges
S [18] s LT sls plssl Sy gl S g9
sloasse 55) p B Glag W)L cod JS8 s
kb Slllas [19] 5 0,5 anlllas |, Jg5 slaslginl
lalgil sladiges ;5 S5 (57S 69, » osd plox]
5 i Sandg [20] ol oo g 1, JLs s
ool b 1y e slalias GLLI conSs slacdl>
Al (6,105 ,0 byl cow S g slailginl slodiges
23,5 (o

39 slahy) bawgs ad S plosl wladlas
S 0,8 o, Lsl LiSen 5 oysilly lidlas 4y olsd o
Sz g olr o)l 5o CeSl S e salaily (o 2
Ay Corw Gl Kwesgs o > sl i lade g
AL ST B 5 S50 o)iSan 5 (ot [21]
) ol so,l9s yo ol S5 jLad g Jolss gla s
5 oz [22]000,5 (o o0s ot Loy
Sz gy S goae slay, Sl esliiul b ol Sen
[28]ase 5 asl)l 88l slaolz gylaly (hmoiar slp
s At S5 ol oolital b ol Sen 5 S
Glils sloaisle ) s lm sladls) canSs pilse
soliinl b o, Ken g (o [24]axsls ) adls ouSou
Llad jlols b lp oY lulys goae (g3ludas ]
o> 0 Wik (SElSe sl Shg s Lrp sl il
[25] 58,5 (g 1) (olais b (s li

Elgsl as ols s a4 238 pddore Slidos gl
S8yl gladaises go,lgud 10 ool o SKinS
ool Sla s Sz 9 (S b cliite outid )l
L S 5 g ol iassas JLlu o LS 55, 952
lacnl ikl Slalllas ol Kis ladiges owlis
ool o Sl Se o S50 Slaiiie e i Ly
i bl plnil 5 &5 posnd iz lailginl slaaises
Jlasl b5 b asily s Sga Jsbo s 40 (5550
(WS o jliad g ol s 97me jLad) o0 )gomeans HLiS
oy >0 )3 G 0D g9, 5 & sladiges 555 2
3t ek Slosizas SlSe 5 (S5 Slaie
Silso oK lojl jo (Kwdsle 9 Sl ¢y 5le sladiges)
Giladan Glallas al> o )0 pizmen Al s S
ledsses 53, o 00 plail sla ole;] Tl (goae

100

(s S (BT Ligu

doddo -1

P Le A et cxrge oy )l Jgerejsba
olar so,l3= o LAl sla it same @58 5 adlate
o)ls 55 2Ll slo s o5 o g cnlil 1105 e
9 S (B L g )lad (oS Cuaglia Sl ol
L [2]as selys (Sisend o S5 0is o ely s
i H g3 e ;8 09290 (Lol sl s 4l (558
9 (ddon (Bl 2B) O (B Ju) O, )90t ol
bwgiwls il e il (1S 8 25) 0y,
Oy (£l ji5)0, Ojsoan aS Sl gla i
Rl s ()92 (15) 0, g ((owles (25)
lodgazma 1o ks Ll sla i (Jlocpll [3]wss
SAS L5 Wisd oo qisd ol Shd 4l 32 g0 o
L plp dasrs (o 00l olm! W slo i codgazs oyl
Bl ) Oy (L8 2is) Oy 45 (LS sla s
W alys s (WS (Bl 1) O 5 (apden
olzr so)l3m )3 LUl sla s sojlail 5 S 4 atay
02 ¢ sl (5 San oLz (6 ill dilie clacdls
[5-3]

sl Sldes g0l o)lg0 4y oo Jlasl uis Loyl )i
LS 3508 e il la S5 elgil 90 Lz e s i
Se-b g bz (18, s l g 2@..‘,5“’-“ wlz o)lges o
5 Lo SisenS glsil 55, 1 S50 Jolse 9,00151.[6 4]
Ol oy (o) y90 Dlegdge dlorjl Lo S0 i
il slag,  [12- T] ool wle” (55l sein; s
Sl o 5 Sl lllel slais, alox
D)5 392 g ol s luly JeloS o

Soslel e ol tslesl oy po sla s, 5l (5
Oladllas el guies Hlas JB g slalgul slbdises
Sz Js Gl sladise 5, » olKiylej]
solol Lawgi lal a5 355 0 Log o pay 08 4 ot
[15] ot s w5 Ll [14] S5 5 [13]
2,5 S5 RSl bl 5o i L) bl slalS
2y o2 sl 4 (A3l s e 51[16] (5 5,
L sl laasses IS5 is 9 Cuaglio (s9)
$95 = sl [17] 58 oo 0,5



Cox0 (uckige 0 SO 9 (oD S gy (SRR ools 4 Hl

W)‘“‘"’ slalgznl b slodises 59, ool Jles!

ol 0als ooy ylid sal ol Jolye 5l

o sla (I g7 (STl gan! Sdiged Soue (Sl

ol b G b (5ldds &5 puded o slaslgal
Olds loas agys senb loadiges Olasin (Jos
ldlas 1o &g, cpl Jleel b o Jleel Jow j0 (5,900
Sl tics 31 53 S S 5 IS i

s ARG Olilae
J 55 Joaw 7ol

9%

[ |
9 5 b Olasin paans 9 2 ied Slarin uans
25 Saige SailSayss o e Sladigas (SilSag
3T ala.,a 3l oad
L e
° aw ol - ; 34 ot
ss);'e .')3%: uq-t = gl (Silleghs §5lw e
Slailgil glaagei ABAQUS ,138la
P e

L L

oSy S CoaSdy

9 Sk (0920 (yaati 9 KDy (50920 (anti

Jsb

l |

L

L silbwoe ol amlic
Pl

|

¢ Gl Gl b_i

Hoad anyd b sladiges ples Jlas!
Sogeane Glaae

S5 g S5 el (509 (P

oad s W iis I

39 pad o slailgamw] ladigei Cansl

ot o (1l sl (G Lodigod oSl SS9 JSd et (509205 (o332 12 (5995 9 (AU Lo T lalllan ol o 51 (plas o1 S

(2) 5 (1) sloadsbsyl asgas 55 5 51 (N olad alolé
PR2Z-PR2 (P,-P )RR}
c, = o (2) |2 i _( (; 2) . 0 (1)
RS -R, r’(Rs-R/)
PoRé _Pi Ri2 (PO _Pi )RizRg
Oy = 2 2t 2 2 2
Rs —R, r’(RS-R/)

()

S 4 (8) akayl; 5107 (5550 i el o

101

ouls Jlos!l by s i1 5o

B 55 sl slaaises 10 S 22395 -2

S oy il sabsed S 2 JS8 Gllas

sl JLas Ry s glis Ry L5l glats ol
ool Padial 5970 $905 9 Po (l> JLad Pi e3leiS
lyinsl i 5| oolianl by 50 o 43,5 a5 4o
b abiis o 00, wlee 3 O (elad lo i (1.0.2)



Cox0 (uckige 0 SO 9 (oD S gy (SRR ools 4 Hl

U""“"ﬁs"bg}“‘_“ QFJ‘>L> )JOLAAA.:M

cs—lon sl s 3 plaS yo diged 00l Jles! (55970
.)...u‘y‘é_.o FE{IXy °)‘9—?~° o 0 ‘s.ub )97 9 ‘schMv
Cgwita Sl g deS iy sl i lgea

[27 26]wsss

il wlaile -3

Slastin Gusd Gidu 30 50 2Kl Sllas
95 ool o Simwdule (xnl sladiges lp 02) Sl
Lol s (@5 (esias sloaasisel gly o2 5 (ool
Al s Son Jshe S5 4 (55570 aw slagiles]
Al plosl &5 et e lailpia] gladiges 5
o) Wlsial SLasileS (55, » lagilejl bl 5l J23
9 SHbSe Slasin s Gl peted oz JbBgs
(bl 2y50 slaatsel (Si5d slaShy oSl
slos bl Uy gllas cplive SIS Lyl by yladiges
5o S 8 S Sl glaiglejl co ISRM
(0 )30 S ()t Cnglin ( ISz (ol sl y0;)]
alaz 5| S Ceoglin 5 0y5medns (gylid Conglie
Oiulesl S a4 o oa s slodil slo sl
9 09l b g (S S s Jgds 09200 ST
sl 5 (Sdaz 0yt 55L88 Giulejl I eizeen
1 Jgos 00t pens Laasises 5l plas o Sl
el 0 0055 Lrdiged (Sl Clasein (Sle

(s S (BT Ligu

P PR’
o _ axial _ i i (3)
z 2 2 2 2
n(RO—Ri) R -R,
RTpsanh
— <« > —
= <« > —
—p I - S—
— <« P; > -—
— e 1 * -
— <— ! - ::
. 1 lo" -
> <« ! > <«
Po_’ “ 1 <) G -« Po
— i -—
f— <« |70 b
— <« > —
— <« . > o
= <« ! > —
— e i =) —
—_— “— 1 > —
= <~ > -—
_._’) < —>\ pi—
~
R, R,

s oz JB g5 (glail il gaiged Syl (led 2 JSb
[20] 5 5920 s g (il i (1o HLitd s

o gl gaiges 2Ll obaw ;o 5)97me 25
(2) 5 (1) adolrs .ol 00 08 i eSS & yg0

o igles sladiges (Soila oo (eSilso i Sy

eoglio s a9l3 % Jede (6 )Lid Ceoglito S5
(S N | Sl g pdy s (MPa 0)pe STy dgishs) Wil o
(MPa)  T"* () (GPa) (MPa) (IR
5/5 021 42 12122 5 55 2106 ol Sl
7 03 43 5/45 414 50 21 s, ol
2 0118 36 6/6 3 45 2117 o] gy Sal
03 0123 32 716 0/8 8l6 12 "

75 ) iy foshen 25 LS5 i o Los 150
S lagiw Sl ouizren aitun e e
G555 G5 o3l gl (635 0 0 ji 31 40 o2l 120

102

Comd 25 JB g5 ol dilginl sladigel ans Iy
agr Lod 48,5 s 0 G waw ol 4 g5 bilus

elas )l slils oals ags sladigas slal «Sgn Jolu olal &



Cox0 (uckige 0 SO 9 (oD S gy (SRR ools 4 Hl

Al L polie dy ding ol aiS o5 b lea
o Jlael 8 p5me 15 5 il G5 e 5o L)
Srg2e 9 (St (oulon Gl 5 plS pa diged
e cdinion sl il lgiedy wilg oo ailed olas yo
alidee (slo s (lgio0 conlplis Wigd Cgmine (Sl
5 0ad ol e s alizee yolae 5l oS 5 L) s
&l oo solaiwl i ps, 0,5 Jleel Gialejl o
5l el O)le aKislej] Glallas

¥ G Cun29) 0y =0,)0, =0,)0;3 =0,
(5 J52) (8L o s

Jslo Jlad) (Asls led jeam b 55 de glagyges]
Al o o 45 sl Al e g0 ol a5 0 planil (wileS
L5 il (5 s JISablSe BI5 b (g gme 5 Lz
JLid g JSublSe (Gilies cloiylejl 1) 18 116
lomilel ,3) JSwly5e 18 116 s 5 L5l
5 G5 e Sl L s o il 3 (s
Moy GRalS oo 4 ailed 1o )Lad (g9 (25 5
Lild ol b (ol 4 09h CuSls jlars digei Bos)S
aS Bl jles o5 gileand ) 6 lam il ol e
Bl i o] 50 eedis o lailyiwl dge Cansls
D3 e (Byre aipeS J5 jLad plgie 4 widl s

lginl slo diged g9, 00 plxil sla Giulejl @ls
el 0as 00,51 2 Jgaz 10 &5 s Yl JBg3
Hlid Jlasl b sl ialesl plosil 51 L8 el S3 a4y a3y
UleS b jlad Jleel oo oo iole;] @wiled 5l
0,=0,)0,=0,)0,=0, =0 s blscos
ol e il ol s s ol o sl ond pll
Slp il ol aiSis JBg5 glalginl slaaiges b
Jlesl b slagiolejl plosil jo conlin (ile jLad (s
sl 3o el s .l ot bl il 5o L2d
a8 Sl il i ailes Jols jlad Jlesl b sl
s s sl pns el o s digal consiss sly
sl s ] 55 o aiLeS

103

a0 sl (S (Sldilganl (S aiged (soue (il

lod ol oads 413 )T 0 0 Sl S [0 diged owles
e 5 By slailsial gladises ol conss )
u,....»La)T PL?L." Gyl oals oolo lis 3 L W
JSCs) ot ool bl iS5 (g gmedn Ssp sk ;)

(4

o3l (sl oot angs

sk () 5y s S5 Sl 31 S (sl () JS5
SI3==1 (@) 9 Yo 31 w0 30 5T U510 digai b axdl yuds' Sgo
Sep Jobu L5



Cox0 (uckige 0 SO 9 (oD S gy (SRR ools 4 Hl

(s S (BT Ligu

S 5T By =6,

——— il 6;26,

20
18 Jratreeeesecsens
16 VN

Jl 14 &N

~ 12 £ *~

:3_ 10 K4 '\.-.
8 7 ’
60| wtmimoimoem -
. .

A
2| .
o &
0 100 200 300
(4b) gla

(0,=0,)0,=0,)0,=0,) sulejl b 35 ouis Jlos! s byl pin: 5 JsCis

oSl alized )5 sl Cawsd a3 aileS S0 HLid g x5 I g5 (il gium! sLadiges a3 oud Jlos! (suil g (5 y9x0 ST 2 Jguar

(MPa) (Pi) igos oSy alizdd 50 (4LS) A1 ,Las  (MPa) (h ) ool s (MPa) (%) (55920 a5 Aigod
9 16 5/58 Gy 1
8/87 18 5/62 Gy 2
8/5 18 571 Gy, 3
8/9 18 5/61 Gyi; 4
912 18 5/48 Gy 5

J=lyeols 18 asdllas 09 1) SG Sl g5 9 SRl
ools s 6 S j0 oS LT Jli8le 5 lawgs (ojludo
ol 00

Sl goi gl co oaud T JSi ,0 a5 jghilen .ol oo
a8 e Lo 150 glas )l glls quses o (glaslgi!
A e e 1D 5 8 g e Lo 25 S
il gl oad azd 5 Jlai o (650 Lulyd izen
ool a8, 8 b s el Slale bl H(Z sluly)
Srgoee )Lad (VL mhaw o eizmen (Ao Lad
Joe gt i (gl ookl 8,00 ladl il o Jlasl
Ly xS glo, 5 8 (coniaws &, 504; “C3DBP g5 |
olbadl ol cenl gdae Las 8, 8 Ly s LB
JLed oolyl ax o Jleel (gl sl oais atiS a5 jghilen
aS Jolo jlad g el oads aid )3 iy Jaw jo gdiis
oledl (pl jaas & jan jo cawl 5L les cads o
(7 US2) (col Jlos! o8

a8 8 by 0 dlwgn daoe ol plxl gjludae o

104

o silwduw -4

dgd o ylall 580 5 sl eolanwl b (goue (g5ludan

J> <olils ABAQUS I3l 5 el oty plosl ABAQUS
il G Foduzmn B osls (s Jlow G 5l blewe
aegema shIs ldle s ol crul s |y s
I Glawain g9 2 4 Cuwl (gloo S Jlowy slaLodl
shls crmzmen 05 il Laplall cpl bawgs 1o o0
gls=l (g3l jo a5 el (ool s (5,18, sl Joe
LosiwY ol ls ;s 5L )18, 5 elss b olge
9 6 slapgsd il ol jeelS ooy
9 S =l (SiSig8) (s rizmen g oatiSS
Al a1 gl e (See |y (oYU CubilE (S
ool 03505 g agas (5jadie 1) G ABAQUS
Sl Jilnn Jslos 4y sgaimme Lgas o 5l solaz]
ool ol b .ogd cod (L0 )5 = L s () Sloal>
o)l JUssl e dlisee Bl Ol oo 18105 00l 5]
SwgST o SN eyl ()l o o S9i



Ohre (owehign 30 (83U 9 ot (S 9y (A9 R- ale &y a0 sl (S (Sldilganl (S aiged (soue (il

> oo Jo e >> o310y al>ye >> Pl al>se >

Part
famiza c5L0)

Property
(@las #133)

Assembly
(Sladad 10,5 jLge)

Step Job Visualization
(alss Jo> 5123 53 5 J>! y0 and) (lus J>) (oaalic)

Interaction
(Tob o P133)
Load
(a9l g addgl (5,135l 5 (5550 bl )5)
Mesh
(i iee)

ABAQUS 1331 i g 5 jladio Jo1 30 16 JSCi

&l
[
— -@75.0
©25.0
' g
|
|
o L L2s0 |
750
o &
v2
Lo x

48,8 b5 30 6550 Lyl b (S cond oo liiw! gy sine a5 (7 YU 51 w98 (& qeudid Yo (gl giow] (gLadigos il oy o (I 17 Sl
et )las sldilgiw! gbdiges (gl oud

105



Qox0 (uckige 0 SO § (oD (S gy (ARgR ools 4 Hl

2 Jeol> (el ous sl go0e 5 2Kisle;] >
9 58 la S o .ol pused lan lalginl sladiges
GRS e B LS Ol s s S
55 lalyil glaassed CuSt 5l an pglad 5 (oulos
Sildae 5 (A Llol Cll> o & sl JB
8 Ui 0 45 jghailon .l oo ools oyLis goue
gatasd jo 0ols F, (mwlon (15,5 09 e cdalice
0ai b,l55 o yiwly ;S 2000 olKiole;] yo cenSs
S e e el gldae sl eimren o]
9 JSs ,0 el o yiwly e 2100 L ol> Sl
eSS S8 sl g0 ildoe 5 (AALT b
O yg0dy CanSd 45 ol ol oole Hlis (25 slodiges
ool #, oo (gaileS o,lg0 Wbe Sz g0y Sy
oot Jloel (osilr 5 5y Gl (pizren o]
alas] o asled ol Hlid g goue (gludan o ladiges
533 Jga ,0 eoae gilhudane 5l o] cans 4 cunsls
10 51 ,aS glhas a0 b o95 @ollas a5 ol ooy
5 0ad o,l58 eBilel mlo b gannlin jo ao )

o5l 2 Jgu

(s S (BT Ligu

30 el oad ool plas 1 s o a s jshilen
o 9madws sLo oLl bl (yog wytwd ;0 & axgs
e oz (JBgi slailgal sladiges 55, 2 o plxil
C_f o )L)? Lg|:\.3|93.,...,| LgLﬁ:U}m' Lg)‘L...JA.A lazs! ‘Cf
6l oot Jlas! (Sl  SGlSe olg 5 0 pll
Sleaisel 5, » Ghlejl raiz Jol> a5 &5 slaaiges
T y9—= )Lﬁ.&c R PR ;0 1 J3A> L o Lg“b‘w‘
ool 48,8 ey o Sl Lld, e 6l el oS
wele oas Sl goae Jao sl 5l ey ool
1 Jgoz ot Jlasl Joo & (anb sladiges SIS
Scwdwle b sladigel Sl el 2 Sle
oSilee 3l olss cnl) amose i |y oy Sl 5 e
Sl 5 5l assei D (55, eud el slaiales] b
(w‘ OM] Cowd Sw LgLﬁ‘b&m
Q|9_.;c a as 6)“"‘)l—’ 99 ((GOA< JAA C)Lo‘ 6‘):‘
5590 P iule;l mls 5 goae Joo (o dunlio jlas
0,l5 5o 0ols &) Sy (35,5 (liee 1285 18 Az gl
2 Ladiges canSd JSo cqoling cuss Kb ¢ 4lbs

Cwd 4 diled J& 15 5Lid 9 goue (g iludue jo o5 I g7 slailgim! diges 4 oud Jlos! sil> g (5y970 i 13 Jgus

S alazd y3 eowl

(MPa) (P;) 1o jLad (MPa) (0, ) il> s (MPa) (0, ) &80 (i
8/56 17/75 5/8

20 20

(<) )
15 15
10 10
5 5
0 0

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

(2 5501 9 y50) (oloo (525

(02 ol 9 55n) Ssasdly (55,5

9600 §iludie s (Al 0, =0,)0, =0, )0, =0, i byl pd 35 wlon id )5 oy (515 ;Ui &l s j10505 18 S
Bl @b (¢

106



Cox0 (uckige 0 SO 9 (oD S gy (SRR ools 4 Hl

o sla (I g7 (STl gan! Sdiged Soue (Sl

PE, Max. Principal
(Avg: 75%)

42.100e-03
+1.925¢-03
+1.7500-03
+1.575¢-03
+1.400e-03
+1.225¢-03
+1.0500-03
+8.7500-04
+7.000e-04

+0.000e+00

Y

Step: Static
Increment 23: Step Teme = 1.000
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Deformed Var: U Deformation Scale Factor: +1.000e+00
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