
h}
QW|

Wyw
SBw

|tr
a|

xrHt
�| :v

iC
W=O

O=}�
'??

�1
"X

'sDW
yw

pyJ
|xQ

=tW
'13

88
O=OQ

N p=YD= Q=R@= QO VvD RmQtD ?}=Q[ w |U=tD VvD p}rLD
Civ |=yx=J |Q=iL |=yxDWQ

�O=DU=� |v=y=W =[QQ}t=
�=QDmO |wHWv=O� |i} QW u}ULOtLt O}U

|Uw] u}Or=Q}Yv xH=wN |DavY x=oWv=O 'l}v�t |UOvyt xwQo '|UOvyt w |vi |xOmWv=O

QDW}@ s�=k |=yx=J |Q=iL QO xm |Q=iL |=yxDWQ |J}B p=YD= |=yQ=R@= VywSB u}= QO
Q=Ri=sQv QO |QwLt uQ=kDt |=yu=tr= R= xO=iDU= =@ OvDUy CUmW ZQat QO =[a= Q}=U R=
R= R}v Kw]U u}@ T=tD |R=UpOt |=Q@ "Ov=xOW pOt OwOLt <=RH= VwQx@ w 'ANSYS

'|Q=Wi w |WWm |QwLt |=ywQ}v "s} Q@|t xQy@ O}k CqO=at R= w T=tD |=yu=tr=
hQ] R= xOWp=ta= Qw=DWo 'xrwr |wQ |Q=iL p=}U R= |W=v |HQ=N w |rN=O |=yQ=Wi

x=J u}}=B QO |Q=iL u} Rw |=yxrwr Vv=tm R= pY=L |WtN u=tt w 'x=J |q=@ QO QwDwt
Ow@y@ Qw_vtx@API OQ=Ov=DU= j@=]t "OvwW|t OQ=w pOtx@ xm OvDUy |}=yQ=@ u} QDxOta

|Q=PoQ=@ CLD pOt "OwW|t p=ta= u; x@ R}v Q=@V}B |Q=Okt Cq=YD= u}= |oDUN Q=DiQ
Q=Okt w u=mt u}}aD "CU= xDiQo Q=Qk =yu; R= |@}mQD w Xr=N Q=@V}B '|Q=Wi '|WWm

Q=Okt |wQ Q=@V}B p=ta= *Q}F-=D '�box� Tm =@ w �pin� u}B QO VvD RmQtD ?} Q[ |xv}W}@
xrtH R= |oDUN Qta ,=@k=aDt w |v=QL@ xv=OvO *Q=@ u=R}t Q@ u; Q}F-=D R}v w 'VvD RmQtD ?} Q[

OQwt QO |FL@ R}v =yDv= QO "CU= xOW xDN=OQB u; x@ Q=DWwv u}= QO xm CU= |}=yQ=m
"CU= xOW x�=Q= T=tD Kw]U QO VvD Q}O=kt ?=wH |}=Qoty

Shahani@kntu.ac.ir
Seyed Shari�@yahoo.com

'p=YD= Q=R@= '|Q=iL |xDWQ 'OwOLt <=RH= VwQ 'VvD p}rLD %|O}rm u=oS=w
"K]U =@ xQo T=tD u=tr= '|oDUN Qta

xtOkt "1

"Tm =@ w u}B R= pmWDt u; p=YD= Q=R@= w |Q=iL |xrwr l} "1 pmW

,qwtat |oDUN |=ylQD x]kv u}ty R= xm OvDi=} QO u}kkLt 1968 p=U QO
=@ u}kkLt u}= xm =Q xJv; 1974 w 1971 |=yp=U QO u; R= TB [3]"OvvR|t xv=wH
[5w4]"OWC@=F OwOLt |=RH= p}rLD R= xO=iDU= =@ OvO=O u=Wv xDU}DUq=wDi R= xO=iDU=
|wQ Q@ Q=@ `} RwD uDi=} Qw_vtx@ |}=yp}rLD R}v 1948 =D 1918 |=yp=U QO
Qw]x@ Q=@ xm OW xO=O u=Wv w CiQo s=Hv= |QwLt Q=@ CLD |J}B p=YD= |=yxv=OvO

pYDt Qo}Om}x@ =Q |Q=iL |=yxrwr R= |O=} R O=OaD Civ |=yx=J |Q=iL |=Q@
wmU |wQ xOWx}@aD QwDwt R= =Q |Q=iL |=Q@ sRq Qw=DWo =yu; |xawtHt =D Ovvm|t
xDU@ Qo}Om} x@ 1p=YD= Q=R@= j} Q] R= =yxrwr u}= "Ovvm pkDvt x=J |=yDv= QO xDtx@
�box� Tm =@ w �pin� u}B u}@ |J}B p=YD= =@ |Q=iL |=yxrwr "�1 pmW� OvwW|t

"OvyO|t p}mWD =Q �|Q=iL |xDWQ� w OvwW|t pYw syx@ |r=wDt Qw]x@
|Q=PoQ=@ CLD 'Qo}O pt=wa QF=Q@ =} 'OwN uRw QF=Q@ |Q=iL |xDWQ xm |t=ovy
O=} R u=OvJ |Q=iL |xrwr |xQ=w}O QO VvD CU= umtt xJQo = OQ}o|t Q=Qk |QwLt
p=YD= |=yQ=R@= |=yI}B |=yxv=OvO |x}L=v QO xR=U |xO}J}B pmW p}rOx@ 'OwWv
wQx@ wQ x}L=v u; QO |yHwD p@=k |=yVvD =@ 'OvDUy VvD RmQtD OaDUt Q=}U@ xm

"s} wW|t
|=ypOt R= xO=iDU= =@ u}kkLt '1952 p=U QO =yOa@ w 1943 p=U QO
QO xv}W}@ |a[wt VvD |rwtat *|J}B Cq=YD= QO xm OvO=O u=Wv l}DUq=wDi
VvD u; Q@ xwqa w OyO|t MQ Q=@ CLD xv=OvO |x}=B |oO}tN QO xv=OvO Qy |m}ORv
CLD xv=OvO u} QDQwO |x}=B 2|oO}tN QO pt=m |J}B p=YD= l} QO xv}W}@ |a[wt

[2w1]"ODi=|t j=iD= u}B O=R; |=yDv= R= Q=@

"1387 10 8 VQ}PB '1386 11 21 |Qw=O '1385 11 18 Ci=} QO %M} Q=D



"""QO
Vv

DRmQ
tD?

}=Q[
w|

U=t
DV

vDp
}rLDCq=YD= VvD p}rLD R}v 2004 p=U QO "Ovm|t ptLD =Q Q=@ OYQO 20 OwOL w

OwOLt <=RH= VwQ R= xO=iDU= =@ |QwLt |Q=PoQ=@ CLD |Y=N |Q=iL |=yxrwr
|xv=OvO u}rw= |x}=B QO VvD RmQtD ?} Q[ u} QDW}@ R}v C=ar=]t u}= |] "OW s=Hv=

[19]"OW xO}O u}B QO Q}oQO
|Q=iL |=yxrwr |oDUN Q=mwR=U |UQQ@ |B QO '2005 p=U QO C}=yv QO w
=yxrwr u}= R= |}=yxvwtv |wQ lJwm T=}kt w T=}kt s=tD |=yV}=tR; '|tw}v}twr;
R= xO=iDU= =@ R}v u=}=B QO [20]"OW s=Hv= C@=F |QwLt VWm w |@ w=vD VtN CLD
xm OW s=Hv= =y xrwr VvD p}rLD 'ABAQUS Q=Ri=sQv \UwD OwOLt <=RH= pOt

"Ow@ |r@k C=k}kLD Ovv=ty p=YD= Q=R@= |x}L=v QO p}rLD u}= G}=Dv
|xDWQ Cq=YD= |wQ Q@ uwo =vwo |=yp}rLD s=Hv= Qw_vtx@ VywSB u}= QO
uQ=kDt |=yu=tr= R= xO=iDU= =@ ANSYS Q=Ri=sQv QO OwOLt <=RH= VwQ R= |Q=iL
|wQ |QwLt Q=@ s}UkD |xwLv =DU=Q u}= QO "OwW|t xO=iDU= 8T=tD w |QwLt
w u}B |=yxv=OvO |x}=B QO VvD RmQtD ?} Q[ C=Q}}eD w |J}B p=YD= Q=R@= |=yxv=OvO
|=yCr=L =yp}rLD u}= QO "CU= xOW |UQQ@ |HQ=N |=yQ=@ p=ta= <=R=x@ Tm =@
� �Cr=L 7� Q=@V}B p=ta= C=QF= w |WWm '|Q=Wi R= sa= � |Q=PoQ=@ uwo =vwo
|U=tD |=yVvD u}vJty "CU= xDiQo Q=Qk |UQQ@ OQwt VvD RmQtD ?}=Q[ |wQ
Q}N= |xOQ@t=v *OQwtwO "Ov=xDiQo Q=Qk xHwD OQwt T=tD lQDWt Kw]U |wQ |a[wt
xOt; CUOx@ G}=Dvx@ xHwD =@ "CU= |r@k C=k}kLD =@ j}kLD u}= Cw=iD |x]kv
QO |v=OvJ Q}}eD xR=Ux@ |QwLt Q=@ p=ta= xJQo = 'Q=@V}B Qw[LQO xm OW xOy=Wt
,=DH}Dv w OyO|t Vy=m =Q VvD C=Q}}eD |xvt=O 'Ovm|tv O=H}= |v=QL@ |xv=OvO Q=@
OW x_Lqt u}vJty "Ovm|t =O}B |yHwD p@=k V}=Ri= p=YD= Q=R@= |oDUN Qta
=@ u}B |v=QL@ |xv=OvO |x}=B QO VvD RmQtD ?} Q[ 'Q=@V}B OwHw CQwYQO xm
?} Q[ Q=@V}B OwHw uwO@ xm|r=L QO "O@=}|t Vy=m |r=ta*= *|QwLt Q=@ V}=Ri=

"Ovm|tv Q}}eD |QwLt Q=@ Q}}eD =@ VvD RmQtD

|J}B Cq=YD= QO VvD RmQtD ?} Q[ h} QaD "2
x�=Q= 'Ov=xDiQo Q=Qk xHwD OQwt uwo =vwo Cq=kt QO xm hrDNt h} QaD wO VN@ u}= QO
CU= hwQat �VvD RmQtD ?} Q[ *l}Uqm h} QaD� x@ xm h} QaD u}rw= %OwW|t
|t=v VvD Q@ I}B |xv=OvO |x}=B QO |rY= VvD Q=Okt u} QDnQR@ C@Uv CQwYx@
|i=m u=R}tx@ xm|}=H � p=YD= Q=R@= |xQ=w}O QO VvD =Q |t=v VvD "OwW|t h} QaD
Q}}eD =@ ,=trUt "OvQ}o|t Q_v QO � OW=@ u; |=yDv= |oDiW; w |J}B |x}L=v R= QwO

"OQm Oy=wN Q}}eD R}v VvD RmQtD ?} Q[ '|t=v VvD h} QaD
|QwLt |=yVvD |xv}W}@ C@Uv CQwYx@ VvD RmQtD ?} Q[ Qo}O |}xvwox@
QO |t=v u}ov=}t |QwLt VvDx@ ��i� u; |m}ORv QO s=i |xv=OvO |x}=B |a[wt

[17w13]%OwW|t h} QaD �Si� x}L=v u=ty QO Tm =@ =} u}B |xvO@
SCF = �i

Si
(1)

%u; QO xm

Si =

15P
j=i

Pj

Ai
(2)

"�2 pmW� CU=
'p=YD= |=yxv=OvO |wQ Q=@ `} RwD |xwLv R= |y=o ; =@ w h} QaD u}= R= xO=iDU= =@
|x}=B |wQ Q@ VvD RmQtD ?} Q[ `} RwD u}vJty w xv=OvO |UOvy C=YNWt

|wtyU =yv; |wQQ@ Q=@ `} RwD xmr@ 'OwW|tv `} RwD =yxv=OvO |t=tD |wQQ@ CN=wvm}
=} p=YD= Q=R@= 3xv=W hQ] R= xv=OvO CiH u}rw= |wQ Q=@ Q=Okt u} QDW}@ w CU=
[9�6]"�1 pmW� OQ}o|t CQwY u}B O=R; |=yDv= R= Q=@ CLD xv=OvO CiH u} QDQwO
xv=OvO l} R= VvD RmQtD ?} Q[ Q}}eD Cra xm OQm u=}@ Oww}y 1948 p=U QO
O=H}= xv=o =OH Q=mwR=U wO |] xv=OvO x}=B QO ?} Q[ u}= xm CU= u; Qo}O |xv=OvOx@
swO w 'CU= Q}oQOQUl} Q}D l} CQwYx@ xm xv=OvO VtN =@ CUNv [10]%OwW|t

"w[a |xvO@ QO |QwLt VvD |wQ 4Q=}W VvD uOWxOwRi= QF= Q@
OvDi=} QO '`HQt u=wvax@ |QwLt u}ov=}t |=yVvD R= xO=iDU= =@ 1987 p=U QO
VvDx@ |QwLtVvDC@Uvx@ xDU@=w ZwQit |xv=OvO Qy |=Q@VvD RmQtD?} Q[ xm

[11]"CU= xv=OvO |WtN
VwQ R= 'u=tR u; *|D=@U=Lt |=yQ=R@= C}OwOLt x@ xHwD =@ 1986 p=U QO
l} |=yxv=OvO |x}L=v QO VvD p}rLD Qw_vtx@ 5|}xU}=kt � OwOLt <=RH= |@}mQD
T=tD� p}rLD uOw@ |]NQ}e C}YwYN hPL [12]"OvOQm xO=iDU= |J}B p=YD=
|=yVvD uDiQoxO}O=v w =yp}rLD OOaD '�CU= |]NQ}e |xO}OB l} Kw]U u}@
QO � OvDU}v x@U=Lt p@=k VwQ u}= R= u=wva I}yx@ xm |U=tD Kw]U QO xOWO=H}=
VwQ ?}=at R= � OvW=@ nQR@ Q=}U@ CU= umtt |y=o =yVvD u}= Q}O=kt xm|r=L

"OW=@ |t xOW x}=Q=
u}kkLt '1986 p=U QO xO=iDU= OQwt *pOt u=ty R= xO=iDU= =@ R}v 1991 p=U QO
Q=@ `} RwD sy Ow@ QO=k =yv; pOt [13]"OvDN=OQB =yxrwr |J}B Cq=YD= VvD p}rLDx@

"=Q =yxv=OvO x}=B QO |a[wt |=yVvD sy w O@=}@ =Q p=YD= Q=R@= |=yxv=OvO |wQ
Cq=YD= QO VvD RmQtD u} QDW}@ =@ |}xk]vt uDi=} Qw_vtx@ '1993 p=U QO
VJ}B w Xr=N VtN '|QwLt |=y|Q=PoQ=@ CLD '|Q=iL |=yxDWQ |J}B
xm OvDi=} QO u; p=@vOx@ w CiQo s=Hv= |}=yp}rLD OwOLt <=RH= VwQx@ Xr=N
xOWs=Hv= C=ar=]t [14]"OwW|t O=H}= |QwLt |Q=PoQ=@ QF= QO VvD RmQtD u} QDW}@
u}@ T=tD |xk]vt |R=UpOt QO w 'CiQo CQwY |J}B p=YD= ẁv OvJ |wQQ@
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%CU= Q} R CQwYx@ '[21] APIOQ=Ov=DU= j@=]t |Q=iL xDWQ C=YNWt "s}vm|t
Class : New (|Q=iL xrwr C=YNWt)
Size and style : 5 IEU
Nominal weight : 19 5 lb=ft(29 05 kg=m)

NC50 (p=YD= Q=R@= C=YNWt)
V � 0 038R (Taper = 2 in=ft) (p=YD= Q=R@= I}B |=yxv=OvO p}iwQB)
Y oung0smodulus (E) = 210GPa (xO=t C=YNWt)
Poisson ratio(�) = 0 3
Ultimate strength = 965MPa

Density (DENS) = 7850kg=m3
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"OvyO|t p}mWD
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l} QO p}rLD xm CU= u}= p@k VwQx@ C@Uv VwQ u}= C} Rt "OW Ovy=wN xOQWi
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|xO=t lOv= pmWQ}}eD '�Oqwi |va}� p=YD= Q=R@= |xOvR=U |xO=t |q=@ |v=UWm
C}=yv QO =t= 'Ovm|t O=H}= pOt QO |}q=@ Q=}U@VvD Tm =@ p=YD= Q=R@=xv=W |x}L=v
CU= |OLx@ pOt |xUOvy QO Q}}eD u=R}t "OQm Oy=wNv |v=OvJ Q}}eD pOt |xUOvy

"CW=O Oy=wNv |Q}F-=D xvwoI}y G}=Dv QO w CU= Q_vhQY p@=k ,qt=m xm

xOt; CUOx@ G}=Dv |@=} RQ= "4
Cr=L QO sy =Q OwN |=y|UQQ@ 'p=YD= Q=DiQ QO Q=@V}B O=} R Q=}U@ C}ty= p}rOx@
Cr=L 7 'Qw_vtu}= x@ "s}yO|t s=Hv= Q=@V}B uwO@ Cr=L QO sy w Q=@V}B =@
CU= |} wQ}v 2796827N |wQ}v "CU= xOW x�=Q= 1 pwOH QO hrDNt |Q=PoQ=@
xOQm O=yvW}B p=YD= Q=R@= ẁv u}= |}xv=W |x}L=v QO Q=@V}B u=wvax@ OQ=Ov=DU= xm

"CU=

|QwLt Q=@ <=R=x@ p=YD= Q=R@= |=yxv=OvO |wQ Q=@ s}UkD |xwLv "1"4
|xwLv 4 pmW "CU= 1 pwOH R= 1 Cr=L j@=]t 'OQwt u}= QO xR=U |Q=PoQ=@
xmu=vJ "OyO|t u=Wv =Q p=YD= Q=R@= |=yxv=OvO |wQ Q@ xOWp=ta= |QwLt Q=@ s}UkD
u}rw= |xr}Uwx@ �Q=@ pm �17 |va}� |QwLt Q=@ OYQO u} QDW}@ OwW|t xOy=Wt

"OwW|t ptL Q}oQO |xv=OvO CiH
l} QO xm [14]Ov=xOt; p}=v xv}tR u}= QO |y@=Wt G}=Dv x@ R}v u}W}B C=ar=]t
Q=@ pm �21 5 OwOL xv=OvO u}rw= Q}oQO |xv=OvO 13 =@ NC46 |J}B p=YD=
Q}=U u=}t Q=@ `} RwD '|v=QL@ |xv=OvO R= Q}e xm OwW|t x_Lqt "Ovm|t ptLD =Q

"CU= CN=wvm} ,=@} QkD =yxv=OvO

p=ta= QF= QO p=YD= Q=R@= |=yxv=OvO |wQ Q=@ s}UkD |xwLv "2"4
Xr=N Q=@V}B

swO h}OQ =@ Q_=vDt� xOWp=ta= Xr=N Q=@V}B |QwLt s}UkD |xwLv 5 pmW QO
xm u=vJ "CU= xOW xO=O u=Wv NC50 p=YD= Q=R@= l} |xv=OvO 15 u}@ �1 pwOH

"u}B |v=QL@ xv=OvO QO l} Qy |=Q@ xOt; CUOx@ G}=Dv w hrDNt |Q=PoQ=@ Cq=L "1 pwOH
|rLt VvD

Kti = �c=Sc
15P
i

pi

pi

QO |t=v VvD Q=@ Q=@ ?}mQD xQ=tW
|v=QL@ xv=OvO

Kp
t = �p

c =S
p
c

|v=QL@ pLt |QwLt xv=OvO x}rw= Q=@ V}B |r=ta= Q=@ Cr=L
�c=�p

c [MPa] (Sc) [Mpa] (Pc) [N] [N] [N] Q=@
2803 5 01 5 82 559 5 480921 0 2796827 1
3346 5 98 3 73 559 5 750293 2796827 0 2
3639 5 60 4 28 650 4 759632 2796827 1398414 3
3937 5 29 4 88 743 7 762336 2796827 2796827 4
3052 6 51 3 16 468 5 740542 2796827 �1398414 5
2758 7 30 2 585 377 7 730371 2796827 �2796827 6

�598 6 2 86 26 65 �209 49 �39299 0 �2796827 7
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|xOwOLt QO Q_v OQwt|J}B p=YD= xm|Dr=L QO "O@=}|tV}=Ri= COWx@ p x@C@Uv
��c� VvD C=Q}}eD |xOwOLt 'Ovm|t Q=m uDw}v �2796827 � 2796827 Q=@
1179 x@ p=mU=B=ot 3401 6 R= Q=@V}B uwO@ p=YD=x@ C@Uv Q=@V}B =@ p=YD= QO

"O@=}|t Vy=m p=mU=B=ot
|xOwOLt w u=Um} |r=ta= Q=@ C=Q}}eD |xOwOLt CLD p=YD= wO ,=trUt
xm OW=@ |}xR=Ov=x@ =yv; wO Qy QO xv=}t VvD xJv=vJ 'Cw=iDt |v=QL@ VvD C=Q}}eD
Ovy=wNv u=Um} Qta |=Q=O 'OvUQv s}rUDx@ Cq=YD= x=oI}y s}rUD |=yQ=}at j@=]t
"OQ=O |QDW}@ Qta 'CU= QDsm u; |v=QL@ VvD C=Q}}eD |xOwOLt xm |r=YD= w Ow@

|oDUN Qta |x@U=Lt "4"4
[22]%OwW|t x@U=Lt 3 |x]@=Q R= xO=iDU= =@ |oDUN Qta

�a =
�
�
0
F � �m

�
(2NF )b (3)

w ? 6 'hr= 6 |=ypmW QO Cr=L 7 |t=tD |=Q@ xv=OvO |wQ |=yQ=@ `} RwD
l} OwHw xm OwW|t xOy=Wt ? 6 w hr= 6 |=ypmW QO "Ov=xOW xO=O u=Wv G 6
q=@ Qo}O |=yxv=OvO R= QDW}@ =Q xv=W l}ORv |=yxv=OvO Q=@ ptLD syU 'x}rw= Q=@V}B
"ODi=|t j=iD= xv=Wx@ xv=OvO u} QDl}ORv QO Q=@ V}=Ri= u} QDW}@ u}=Q@=v@ w &OQ@|t
=yv; Q@ xOWp=ta= |QwLt Q=@ =t= OvQ=O u=Um} Q=@V}B pOt GvB Qy G 6 pmW QO
|QwLt Q=@ Q}}eD 6 pmW T=U=Q@ xm CU= u}= xHwD ?r=H |xDmv "CU= Cw=iDt
CiH u}rw= |wQ Q=@ QO |v=OvJ Q}}eD x}rw= *Q=@V}B |=Q=O *p=YD= l} QO |r=ta=

"Ovm|tv O=H}= xv=OvO
Q=@ p=ta= CyH Q}}eD Ea=@ |DL Q=@V}B xm OwW|t xOy=Wt ? 6 pmW QO
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VvD C=Q}}eD |xOwOLt Vy=m Ea=@ |Q=PoQ=@V}B xm CU= swyit u=O@ u}= "CU=

"CU= xOW |J}B p=YD= |v=QL@ u=mt QO
w � CU= xOW h} QaD 2 |x]@=Q j@] xm � �Sc� |t=v |=yVvD '7 pmW QO

"=yxv=OvO |wQ Q=@ `} RwD |xwLv "6 pmW
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1. tool joints
2. �llet
3. shoulder
4. notch stress
5. mixed �nite element-analogous method
6. node-to-node
7. American Petroleum Institute
8. contact
9. helix angle
10. mean stress
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