e
75

’ﬁf\f.\ S sl oplact ot Jls
o

DOI: 10.48303/bese.2021.244119
)3 (@”;) ww sy Lo gals Sl ade wy oy opl Coda
S5t 5 sl Cb b Ul 1 e pr S0 s S s
Foome Slal ol L e salst 55 ol a5 40T o b0 s
o eekin (ki ol (a4 glies S LSl o
ABAQUS 5 5uoms (5131 i jile i 54k 4 RIKS ¢ 55 31 loni 5 ellian
P10 Jsb 2ils &5 il b ol sanllas )3 .l 3 5 O g0
Las Ko i 25 o galot st s Caliien (sla eyl 3 i
u_.ujj:J}_Adai»:bq\):jxm“;(‘;}a»u;»)&nlg;ﬁ,ﬁjuﬁﬁ:Y;é)
Lok ) guamme (5180 g 457 a3 oo LS adlllan ) ol ol 43 513
Sl L odd guame (S0 s & i 1) (5 542 Do 5 Shae 593
4_5g;,.._....;@_;)5:1;.6LAQ}:_~J:J_1:$‘AJ¢1\)_§):.&;_3I:.\_;A\}>'-
G50 Sl b b 5o Gl Ao o Y BV s (el b gla s
0 0 gin (6 2y JKE 5 5 o g 593 Sl e3lial tman (ol 031
lS O s b Lad b 5l g 593 5 sl ol 2l 1L
RS Ol 5l Rl 1 0w (6 ok Db B alae slal I BIL 5 555 o0
e 2 I L s (6 g 3135 on 2lS 5 las K 4y 03,5
b o IO g b B g os aalS s 3 )ls 2 3 elas Kk
(el (S8 i o gl 93 <0 g 1S U759
Sk b pdy S

(2 05T Sl s SO L B pl 53 e
23 s o G ol L i lin 55 (650 S8 Con
L,y 5le,T Sl esliiul Colg 53 5 ol 4l 3 5 ol 8
i (e Caglie 2ol 8l o (Glo e sliael s @)L‘
Sl ceslital ) 50 mly GO sals (Gl 590 o0 SH e
33 ol b (sl a8l S Joos sl (et % 5
Y 50 pellan (3135 Hldie ol diy S gl 2 (sl O
358 o0 OT Cad 55N 35 05 sl 3l Coly oS Sl 55 55 50
sy ol comdi 8l m @)ud,\;@)}suﬂ,; S Jo s
D35 LS Lol (6,18, 5T § 55 ol 5 S 5L 3550
SV b Al s s ay5n 53 g5 o popen 5 Y B

AU man 3l e mly L gl b anslie 53 (5 e

Ve

VWAV A/ F el gul
AR/ 0NV 6 K55k b
WA AN 2ol o,

oDy Sl e £o5

élhogxw .:,CL«: eIy
bu\.ﬁ)gm SR 0 M)TO}’Q
@)h@l&@g&b’-k

Sl ol
cdeogyl 15ly o ylies pwdigo 09,5 0l L)l ol gozeiiiily
!l dsagl o co Ml ST oK1

(Jgumno ki 95) oINS 4S5
cso Ml ST oKl cerog, | anly ¢ ylyoe wdigo 09,5 ¢y boliw]

a.khodabandehlou@iaurmia.ac.ir « )/, cdeog )l

dodo —)
Sl s @)Lﬁ sla sl jleslanl Lol gadle s
OLis La i Le3T ool 3 os ol ol il anen 55 40T
<SR)Lg,_:eg@)u@u_?),:u,hﬁ)wdwtm;
o (glo) ) 3 Shas 350 o Jsllie Gla S5y plo & Cos
(s slasl 5y ioms Jlesl L aST Sl osls 0L 4 28 Ll
SOl SSEES B8 5o ol (225 a5 4 a5 b
S ol e S L oy slaesS 5 (slojle guie
SlaeS 5 b8 8 e 5 bl al 2 2S
5 ol s JS5 0 oS5 ol el 53 sy
Ol gl S e 15 593 Loy sLe)T o
3l oslizl 45 das o OLES 7 4 gty 05S6 485 O 50

a3 oo Sl 6ok b b e sl Gla el

Wl g s oybod ot Jlo



}/o.,\.y/.,b' d&ﬁ/} d)u),a/

anlllas S5 53 YN8 Jl 53 [V0] OLLSKas 5 wls S o
by S S s iy 5 ia el & A8 LT
3 bl S Gl SUT i Sl dt g G gals )
Gl sals 48 sls Ol gl dstls 5 S p OT
GLaolal i i Sl bl sl 3UT g5 31l
orb Al (B S s oS gl eVl (s
[VETIGE T lse 5 ol ¥ 14 Sl 5 tas o ol 3l g 55 5
L 5o o anstl (ST s 5 2 L ST ) e o SV L
R I L W VPN [Jow P PYCTPVLES
Ao el D el 4l Lsls Sl 3 gles
45 U013 Ol baaoes s 45 & Lo 3 453 A0 gAY VO L
(ol Conglio 54 Eool Jlul Glas gols 1 oslil
s L (65, i 5 5 IS S e
Slosliul oman LT 35,8 o Jsane lacs sols
5 tes el S, eSO Olse s ) Jl il Lol el
o3 Ghle 53 slojle SVLAS| 5 Shas 554 (51 LTS
adllas 4 [ W] OLKen 5 addee Yo ¥ o 3.t S slgii
L ods s o sl OVl a8 lesT 5 ke
Coos |y DYl ol 5, Shes 5 asstls y on e slad) ol
Oty 5 il 28 T s S s Sl 2 60180
3l oslital &8 4 & amm 5 s S 55T (ily ulide )3 1,
(5P e b S b s g ol b sl g
A S edaliae romen 33 8 (or (5SS 5 il Zaslie
S 2055 e 55 JB o sban sl g ol
1355 o obp aaslin 2alS Col &S Jgans (gla pols
e DAL O 5 U \FAY Jle 53 5 5 0 o
AT Sllas caimn g sla gl sla S35 0L
3 Ssals alolb y a8 Y8 S o a5 0 ol
S0 s (i 3305 JSE 8 Ol e 0L oo b B
23 s (Gl ge 5 dt gm Dol Il g3 5wy T o
Aol S5 a6l bled an)Tom sboldl IS -

(Jﬂab—& sl«_ib) (a..\_c Q)y ).5) ‘d_}j) (:KI.A)Q ou\.:u\g: Lﬂ‘-’

iS5 sl 1 et gade B, o gou 5 S 5 bl 53 SR
el ol Eale 3T
GoLid L) 3550 53 3L gla a3l 5 Sladss
el S e maols Sla sl LS e a0 52 (65 s
(=22 5T 5 Jald Sl pate Slalllas pl 53 ol o
B il s o)l 3V B e S 5 550 5le)T alol
Faole SO el L S e (ol g &5 15 0L a2 LeT
S S g S oy S8 5 i o pmee Sl b o
(5 3) s 63Y 5 lagey slo STot] 5 Shes [Y-1] wilasly
ole 50 S 5 o S pame 5 0k b
oy 4y 45 ol (0315 (gladl glo pls phaiie b cbuns 2
3, Shes 35t 53 el G 5,1 [0-¥] ol ok aslis
Sl g BB Sus ) pamn ol 5o sl 55 (sle) )
g;_»ju”;;ﬂ,_:‘uj&5|¢4t,6|ﬁcoud_aﬁ,;
3 S V=l il a5 6 OIS 1 S 5 b 5 e
i 5 lomls 4y T s glaoldl s Fob B sl
458 51,8 G 3550 £ b9 (o Sl G2 8 IS
2L, (VY] iy sdlST 5 el YA Il s [V A-A] e
MM&M&L&QJABL{&M&&L&H
ot 2050 AT S poan |y 05 6,188 L
S el 457 sl OLES 7 4 g W i le3T gl il i 3
353 S ol S b R el (At o le s 53
[W]obl_(,,,”(ﬁt.x&w)j;)fdu,;)ggaﬁﬁu
3, e o At lojT Sl 55 ¥V F Jlu s
Aolasstls ae)T s a0 siw 53 dies 25,8 sbay 5l )T
a5l )T Sl eslizal 48 ol o3l 0L Slihons (gl
Iy e Y58 5, Lo 3 YO U Wlg o0 Ltan o8,
Glay syl dols J1YN0 Jlu 3 [VF] 6w das zals”
o315 15 asdllae 3500 1y (25T ol 55 Cuglie Ol y3 2,8
L aS e siw a5 das o Ol Oladss oy El el
03 (025 gl edilodd > b 5 g 5 a1 Loyl g

vty oo sl slT o Jsb 55T (HLS (e

Yol oy Jsl osloss e Lo

VoY



J).
G

I L 534S g o esles )k, s STLsl
sSlal o ol 03 0355 kS s 55 5 o ls 15 s
Ol e Vgl s o LS5 1 03 1 (Slodas a5
S UK 5L TE 5 e 1wy s 1l gl e
Y5 B 8 asmilir LS el 3Y 3 L ol em 3 1) 05l
55 03,5 ) gamea 6l (WSS b b palst) oS guames
b 5 ool sV 03 K 4 (55158 4b gl o3
o o 4 Ty o o Canglie g 0kt ks LS s 5L
Aal 5 ojl a3 48 i oSy B
o olid Gl LT Jl Cod samme b o damilr (O3
52 5 (Pl (S G AT ey olg aglie A s
s S S 5 0TSl gy 5 5L5 (Sl 23S 25,57 0T )
b olid axb lublodb iy 53 opl s dal bl b
L Opls Oleas (oo p slas¥ b il 558 0 o s
Dl i Caglie o 53 4 03,8 g |y o (K3
ol 5 ey YL e 5 BB A b o)lid 557 5 asl
P R P YE WP - WIPRERI - Pt
by JLS @ G el f 5 o 03l s lie S5 L3BI sl

ol el 0l olas (V) JQ.L 3

L&'\lﬁ‘j)%ﬁ)u;‘@)‘}w&
——

Sl Dl by

g Ol b e

)}M\;u:a

> o

ond g ilisin Lyl o 5 - G o (1) K

il (65 i i Ll sl 58 a S ol b
St GRS S ga i) Sy S5l g a4 5 B

Bl slopels b oddjpamo po do)ly slogs 3Slas (w0

05,5 gz Ul5e 51 S V] sbf& Obles 7 5554
325 4 LS4 Cl OT (6 243 IS 5 Canslio 2131 ey
gy Sl (glo  lag i 515 All okl ) semmes Cnlis
LS b Canglie o5t old )y geames 3 0395 O b g O
Mooy oS b SIOT (85T A5 omte 3> Ceand |
o b o PRI g A e S e 03 5050 o0
D)ot SIS D gels 7 03,5 ) samme ) slatens 0 50
e L g sle sl pols 1 by ol 53 Sl g sle
Sla el jleslainl &8 545 eoslazal (69 5l b Llats
e b asTom obs 5o (b0 sl 5layT il eyl
anllls s 5L Olomen Cow opl 5 Sl 3 gdome J  Jdots
LY ] 5,0
5L oS 5 55 o oualie 43 5 plonil Sliions 4 x5 L
Sle sl eyl i Sl s 5 gy A el
Shls o o paie Ghyl> Ll s )3 S A pamn 3
Sy 3 il B Sy gy sLas S
Sl am s L Opl b slael Sus ) pams
3, 8es 33 b8 oy gleyT ik 5 ool 550 55 0l
5, Shas oy el G 3 o (gl (gl !
23 g o5 SR Sl,T b awlie 3 g sle Gla el
e S mad Al e e pale Ly )T g0 5
1 3Y8) Lay ey s (25 acdar 1 Cakisen (sl el
3 o2 Lo, 5lo,yT gl o Jsene Cuoglio b 5 oo slis
5l S b dax Sl 5 Shes 3 O g oo sla
350 e el 5l g 55 ol lls a0 s 5 (G IS

sl 4 &5 o 5 )y

ROy ygazx Y
DLy 6l g S G S 5 Cuglie Js 4 ) gams 18 2
@);a;gﬂb.%wmc&w&{dm;u&h;)
Ol 32 Dy ol 6 20 IS0 el 1 05Y slasY 8

@:#:,Fjgjbéﬂiﬁpq)}m&quv\g

Vv

VNl e Js) o5led nag b



}/o.,\.y/b d&ﬁ/} d)u),a/

(1) ol 31 @35 (slas Ko Uy oo &y oo plie
T o S 4
Af,d

V, =V, + x)
S

L \L—w‘ J‘"J" Vcr QT DL 4§

V.=V +V, ™)

bl Vi s om B Caslia b 4l V0T o S
OT 310155 o 48 il (J5b (510 Shon Jam 5 0ol Jas
Afd .
S oS A
f, (b 5L,T Clﬂ-‘ ol bl A, S Lib e Sy
DU s o L ol de 5 SV s A5 L
dob L ol s s Jsb 2iS ) 5)T mhau S50 6 (o lid
Al o sy sl,T

3 oo slas Sha Uy oS5 (5 Caaglin ions

S35 3 V.TU le_h&:);.ﬁb-r.é_wﬁ

A f (sino+cosa)
V.=V, +— (9]
]

Loots o5 (Job glas Sho sl bl 0 0T s o
Ailor pde b ) s bl D el

S 5 a oS wmn aslinal ol 55 (F) 5 (V) Ly,

8 e 3, Re L S palst & Lo il o il (g s

Caglin 3 b, sy 5le)T Ooygo cpl b 53 il ol

Ay lg e s ks S 5 g Ldls dal e OS )l
Ol 3 a8 Al Wilea 1) 45 5 odd LSS Sosels 95 Juols
Cloul dias pl s 0 w51l sl and o5 slasY g
Uosyd a8 i 558 dol gl Jbg s oK oS uS s
Loy 5T do i L (5 3 655 o 33,8 Jool Olicabe
1Y) 555 o olad (5 0
OOy sgazmo -V

Sl g 03 ) e b 5 s o 585 ol 05
s Mo o5 s o3 15 6051 g 5t 31551 50

Ssh s ogarn s JB sba (Lo wl) Lo ,e 5 Jsb

Yol oy Jsl osloss e Lo

i
&)

e

dal g (Ca 50) (Sl g pdon sl il S5 5 e o
Sl e gde 05,5 sams 5148 Cobls a5 L g
O P gCIUW PN S P T B PRV Y J* SCIPN 1A
LY AT s (6, Rt Sl 51 (slo3 J b 5 55 oy
)’*'\-il‘.}’)";‘J-ZQ’J—{)}"“X‘{&“}“J}WJ
Comed 3l A5l 3 98 03ls SIbs 25 8- 25 cie s doe
oy el pols olees Conglio ipy (b5 a8 (o
sl gl )T s b gl alols of | o (o5lis e slin
Sy sy 2 Sosels LTSI S8 55 Job slasY

JJ‘)?@QML:M&JALSLAQ}LN

A |

bl

SRRV ‘ ——

9 ~—~_

é \/ \\ Bf \:,(:}

2 ; i D
2 / \

I
I
/0 A. 7 1 >
|
\
1
1
.I.
|
1
1
1

o G o 9 Bgels g lsT S1:(Y) UK

by m de 55 o JUE) 0055 &S5 51 ey
13,8 o oo (V) IS Gillas 5 slapeslSa 51 (oS 5
V03,5 &S 5 o b Caglas N
V, &5 Joee 53 (S gl 0551 8 55 31 56 65,5 Y
Sl sl oles 51 (56 S8l (55,5 alin &)
(ol 55 Db 55 53 o
2 b oslol cnslin) Vg Jsb 5 5lT iy Jas ¥
(o8 S35 Jlas
o3lizl (1) aaly 51 0155 o 2 oy S glin dcloes (51
nS
\Y :[0.5\/ft’+175mM—w}bwd§0.93\/ft’bwd )

u

V¥




bl (68 sl 8 813 () g
sl ) yamn 5 s5le Sl 3 iy Caglie 5 Lb,
AU R 055 s pama o gh Ly SuS Lol slassls
G L e sl e 5l 35l Sl ()3 et
5355 o BT OT M b Oloww ez 5 (gluails o SlaeS 5
S S i 95 Cand (6305 sl 5B ey ol
laaod 51 0a ) ammmn Sy o 5 meen 3,18 0
o 3Ll g 5 5,8 e S sty glaeS 5 oS
sz o o) g 90 30l as;f;vw O ks L gl 0

Ll 1o,y 7 g1 Slof s Coatl Sl oSl (gloj S = b 5o

534S das e Ol 015 b g odd e gla iyl S
S S a1 L i sl (530 V40T L
T G SLa0 s 3 sl £ 5 Sl (8 2 slas S
V] sl 4 515 oslial 3550 oo 5 2&2ole3T &y s0n
Slaojlu s i (Sdb ) pamme § 5050 0SB G )b 0T
Ok 5 ehloes Ao 5 55 58 0T Sl (e 9 s
sgamn 03 S 55 53 Olg oo |y Sl pl sl 0390 (6 5lme
St s 53 05 s b 5 i St
(Sl g 5dn) (6 smmetn (sla)lid 1 Coui o b5, Jlab
bs b b (S pamms po Ny ol iy 50
b 0313 e 5 U apilir 350 0 (a0 (sl Shs
Lt S G gl ;S 0L St a5
o A 3 5 4,8 e B ool e i Lo las S
35 o Gols gl i SIS Sl 3 . dd dal g ) gasme
WS A 355 (6 52enST) daiein Conglin 4 ol 5
dr g (A GLalS 5 550k sl (Sl s B S
WS (6,8 e e OS  l dse sles S 5 il
ol 0l )M&Vﬁ;@

o S A s game o g > Sk aals Jl )
55505 14Y8 Jlw s Il (6l sl aalsl Oliman
Ol Glidiow b G T gyl olKils 5 [YY] 2, 18en

5ol i Coos i 1 gl (g4 gas ;ST 48T Al

Bl slopels b oddjpamo po do)ly slogs 3Slas (w0

Ju s 9 JI (T gz -1 -F
s i 03l e S (658 pp wen 75,5 5
23 b2 syl T ale Ss,m b ) Jolo &S ab s
335 3 (FRP) )5 gy 535 (S U ey Jss
B R P e
Gl 0 e 1 2l Glid 5 ST DY Sl (gl
Sl o s S 62 1 S8 s mlan 4 O
e a5l T 5 LS Sl b (o)Lt o 655 e 4t
33,8 6,8 o Job slay le)T (5LS 516 558 melanas
Cg 53 d,méuuw,;‘u;démﬁ;&‘\f@@
oo Sl 15,8 5, 8 e )l 5 S S glie 4 Ok
sl Job slaes 5 5lasl 5 o 8 IS8 518 (S
a3 9 oLd Al MLl gy ot ol ol s 5h e
SLas 5T L aS 1o 0w slas e, 55 5 0 08
O sl Bl 058 5 pdoen S 53 lijls (Ko gy Jsb
oo 2Ll s (2 pde S L o el 5035 s
syl s bl acils ) 6 5855 5 i (65leb (gl i
b s Sl 1 S S sl o8 sla 5 S
558 g Ll g 03500 5 seamen Ly LIl 8l BLEST (g yLes
O J55 ad) (2 5SS 55 (swte 35 Com o oS
o am sl R g e e (RS 4T s g edd oS
oA o alae &7 o 15 5= A5 (gt ) o 55
Ao A5 g0 phate (6 4y S w53 5 Bl ) I e
5 o Soaslie Rl OIS oo (IS s b e 050
P SR JSE I e 03 5 55 Dl b )
a8 el ot b 25 8 s 038 5 pame 51 )
R (5 gmaa syl 53 iy (6 S 5 Canslie
Skl HLid b dslas ,HEL b foe 53 il o0
5 Ay D gl S 0) (050 sl ST 4 55 e e

O S 48T g mis (il SRS Rl Sl (e 550 b

Vel

VNl e Js) o5led nag b



5]@,\;/,\5 dL(u‘}/} L;)L“f):,a/

yol> Srdiges Juloi W9y 9 Dlasein -0
ABAQUS 3 3uwe OLJ1 30 5 1 eslizal L cdllie ol 53
Slad s S, 5 6l S b s s se 6 B bt 15
S RIKS Jlows 5l cosdeas [YF] Sl ok gy anyT o
aslina) puiin s b 5 el o 8 ) 8 5
Faa bl 5 ol e ileand S0 g Jsb Ll ol
el (ptaie o slasd (mllae Sloaintio bl on
leds 4 § 1 s e Olyieas KUK Sl sl
3Dl Lodd ) geame Sl 95 )3 Ot Sidn (IS s
aosT Gollas (O 2w \F g aoze 55 5 lodd (g5lude g y93
ol 4 8 51,5 aalllan 350 codd 03l Olis () S5 s
adlles 5,50 Slad giw lojle Sliasein (V) Jsd sils
5 oL g5 cllas Ol 5 (g5ludibe o g ol 0l |
[YO] i 3 3 5 s Lo 55 abiplonil allas 51 ads (o 2
3bapslie 05l 1y (gr o 02 G 0T 53 &5 3 8 s
L5 S ilwdis il 5L c>s ABAQUS A8le 5 53
oo 5 031 el AT s b1, 0T b
03 gy S y3 2,5 L s ey 1L (sl oLl

Bzmo 58 o0 (8w Jied (SLB Ogimw diges (7 (Skod (1) KD
ABAQUS 1 p 5

Yol oy Jsl osloss e Lo

_j/.‘.
(o

oo b Jolie 53 00,8 15 il (S g i 215K
S ga e ;S 1 5 das e LS Caglie il 531 gLk

s e OLES (6,lad 5 (6 oee LU ol o3 1 Cwslis

Igen (p g - (2L S —F
Ol gtz Ol 35 o OT dowsty o7 olge 0 20 51 (S
OF (25,57 = A5 (omin 03,57 i 5 g 25 1 o 6,188
23Sl (Hs5 5 6o 5m0 4l 95 Gl)ls (g opl ASL e
SRS oie 0351 S a0 (5l 48T e gla 23T
Lgswg;w.ég.bﬁfab)&b\c@\e&rb‘dlo:{ﬁ;
S 4 S a e dop Cand b aglie 55 sl dbl b oia
(78> e S 5 o SETL S e LT
@L‘T“f@";‘gf‘ﬁj a4 by e claesls gcj\sdajj).s oT
53 osliul 5y 5 GlaolKiuws iy 55 S oliws J0b6
S ol 145 8w s B S oo yldilind HLzd tle3T
53 el 6355 n 5515 4 pd a6 e HLAS (1S AL
B35 Cood 53 5 oy Sl &y 50l oS e &S gl aa
S A5 s ey L3535 4
I (S’ o J STy (S aS 15 A el | (odew
oS aml 158l Hlis (A5 Cs e Olen b 5o gl ala Sl ey
R U T S e P USSP
Sl 25,8 - 0 e T 5 Camad (Gl 4SSl
)5 93 fbes SN 4 glaws sl il Hlal s (STl
ol Gl Y oy S~ A e 5 L
03,15 JLid Al g 5 035 b (2 (S A 4 ol &S
sl ol ol Bl 5Lt 55 iyl @l (B ol L
A1 s pren s s El a1 LT 08 5018
Wl ol oLl I gonn (SLnol&ans b ba s LeT clagudions
O RS sdaly 6l e Jow gladis 0556
el 03 § 1yl piives (5, b I guams b g guames

Ll sl AT il gl s Wadie l 2

VoF




*%ﬁ
= Ele (slacgels b o jpammo uye oyl (slaggin 35l (o
Adfllae 0)90 SO (Slo il Dlaskio :(V) Jeu
(JEb ) oobed 55 | (o lo) B0 Ko dlold | B3 ho | (o lo) e Slul | s

YA+ Ve \Y DA fexf. \
YA+ Vo \Y DA fox¥f. Y
YA Y \Y DA FoxFe v
oo \ \Y DA foxf. ¥
a2 ). 'Y DIA £oxPe )
YA+ Ve \Y DA FOxFO 4
YA+ Ve \Y DA O xO \

RYPURCI U ("fﬁ'“‘“‘ ol 513 5 W8 yod 5 gudoe OLod]
jLAQj.al_é-(l_?jM\é;ﬂ&;&daiajh)jb)Tr_}dﬁ
S 035 S b pss 08 53 05,8 a1 F g 3550 s
o S 4 SRS S g5 sl 5T a5 ]
C}MCK)J}@‘OMﬁ&‘)ﬁd}hdﬂ.&d&}b‘@%}}

il o by $leyT e 25 0 gt el g5 53 ke g

SO g,‘lh)}?l.o)T Sdhold jo guii —\-F
sbal 5 Il K YA u;ﬁ\:‘w@,uﬁu@d\);
PRIV PRS- -0 S| W) SUSTUIN W & qj:.wdaj.acb
el ¥r 910 Ve Ll i (gl 5 ke D sl aliols
25T Sl 53 a l m OLSS Lol o a0 s AL 0
ElS 5 N e ladds O sl 5 93 S st (o5 2
Lyt e tmlie KA L B 95 0 ) Joo oL
= 03 S sl ol s (e slasle)T (68
IS YA S YNA L 1l s 535 5 Sogalst (6 o 5 4
Gl oy o 28 GlassleyT 5o JES mes LSL o
ssbiler il o SIS AP SYML 4l e 555 5 & golst
T Lol ) s st 5 Cundy Ly oo il S
5o ST 55 b 4y a5 6 b (ol 4l 3 gy
25 Sl ol odaliie (25 3 2alS U 55 5 ST i
b 850 Jou Jl ol 55 slay 55 (0) 5 (F) sls S
Ol oo bl y ol 53 ool 0 0313 ules by 5layT 5 0 (6

Bl et 1) (5 e g Sgelst b O i

Solid extrude olJ! ;! )|J'3|(=J3 03 50 O g S ild e S
SIUT g55 i e2lil Wire-planar Old! | by sle,T gl s
(S oy S8 8l ol o (Sl ST okt i o0
sty 5 o3 e |, Static Riks 4y ABAQUS i ;-3lp
AUT Gl s 2LS IT 51 ol gl S o S
crl s adsl S8 ks S s Wpd e S me Riks o i
A 55 6l Riks GIUT Sl andlas cpl 53 35 o S me LT
o oolinal (ka5 e o 5 5, 5 S
vﬁugjmﬁgt,qxsmywdf&g&\,‘.@\
Sl ol o3lazwl Coupling a__uf sl Interaction Cewd s
Embadd £ 51 o axdas 55 s Ko (10K 6 puioman
b ,b 5IRiks GJIUT 53 anfllas oyl 55 .ol ol 03lizwl regin
'V_i‘u; eslaul (lodd 5505 O sw Ll b &S S jate
Al e i S5 5 5158 o S 0 (55l e (a0 s
Olej SRl L oS 03 J RS plralr 55 Sl O L g s
a8 s Ol oo I3 5 VL ol plralr
!~ 5 (C3D8R) 3D Stress §35 3 e G Sl ek
b e Zolg 53 i o (T3D2) Truss ¢ 5 51 s She
G5 4B B eds (a5 oMb o Bl 5 53 ek
Ol e O g VL ol eomen 5 O i Sl 2 2505

53 8 o oy g5 A Sl 3 o g 53 3w Lo 5 s

TS il 9 L 905 ks —F

Tl o s Som g (Blos gl <l 4 i ol o

VNl e Js) o5led nag b



9]5,\,2;/.,\5 0&3/5 L;)Lu.{l;:ﬂ/

S, Mises
(Ava: 75%)
+2.835e+01

+1.9266+01
+1.698e+01
+1:471e+01

+1.0638+00

z x

ODB: Job-1.0db Abaqus/Standard 6.10-1 SatJun 24 Daylight Time 2017

Step: Step-1

Increment 100: Arc Length = 3.8455E+04
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In recent years, the use of helical screws in reinforced concrete components has been developed. Practical results
of these experiments have shown that spiral reinforcement (SR) has improved seismic performance compared to
other conventional methods. Experience has shown that by applying torsion in concrete members, due to the
principal tensile stresses in the diameter of each element, the member elements of torsional structures with spiral
patterns will expand. Due to the design of the expansion of torsional cracks in the cross-section, these cracks are
relatively ideally perpendicular to the cross-section of the torsion reinforcement. The research results so far clearly
show that the use of rectangular helical bolts increases the bearing capacity. Also, in this method, with a constant
ratio of transverse reinforcement, the ductility condition is improved compared to conventional bends in workshops.
Finally, the use of helical reinforcement in structural members increases the shear, flexural and axial strength.
Commonly used braces require two end hooks to support the anchor. For the length of these two hooks, a large
amount of steel material is needed for each closing brace, which increases the weight and price of the steel. This
process is not required, and this type of reinforcement reduces the weight of the steel and saves money due to the
reduction of steel consumption compared to conventional braces. The effect of SR on the formation of cracks and
the member's behaviour after cracks has also been tested.

According to the researches, it is observed that so far, the effect of continuous closures as well as the effect of
changing different parameters in the enclosure in columns with a square cross-section with continuous rebars has not
been done. Regarding the confinement of concrete members with reinforcement, considering the cases mentioned
about the importance and role of transverse struts in the performance of structural components, the purpose of this
study is to investigate the performance of helical reinforcement in comparison with conventional transverse
reinforcements in square reinforced concrete columns. Also, the effect of changing various parameters such as yield
stress of reinforcements (high-strength steel with normal strength), cross-section reinforcement and cross-sectional
column dimensions on behavioral performance, including load-bearing capacity and ductility, in columns with this
type of arch and analysis. In this study, the finite element analysis method has been used. The results show that the
capacity and ductility of the column enclosed by the winding is higher than that of the column retained by the
conventional tension. Also, in the column held by the twist, the column withstands less stress after loading, so it can
be said less damage in this column will be obtained. In the load-displacement curves drawn for the column, at the
beginning of the vertical branch up to a certain load, the behaviour of the columns is the same. Until the peak is
reached, the stiffness decreases with increasing stiffness, and in the area after the apex, the softening behaviour
increase. As the spacing of the bolts and the pitch of the windings increases, the behaviour of the columns in the two
modes becomes closer to each other. It shows a relatively similar behaviour, and the difference in their capacity also
becomes much smaller. Ductility is also reduced. Increasing the pitch of the windings has a greater effect on the
capacity of the column than increasing the distance of the windings. By increasing the distance of the turns, the
capacity of the column enclosed by the tortoise decreases sharply. However, in these conditions, the column
enclosed by the tortoise performs better than the column enclosed by the arch. The results show that by increasing
the cross-sectional dimensions of the column, the rebars withstand less stress, and the column capacity also
increases. Also, keeping the number of rebars constant and increasing the cross-sectional dimensions to a certain
extent increases the capacity, and then increasing the dimensions without increasing the number of rebars does not
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have much effect on the column capacity. The results show that with the increasing yield stress of the rebars, the
capacity of the column has increased. Increasing the strength of the rebars reduces the stress in the concrete,
resulting in less damage.

Keywords: Column, Spiral Stirrups, Confinement, Nonlinear Analysis, Ductility, Loading Capacity.





