
�14
01

u=DU
@=D�

'h}
QWu

=Qta
|U

Ovyt
�|W

ywSB
�'4

1�2
9"

X
'2/

2|
xQ=t

W'
38

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
leKrUt |vD@ |WQ@ Q=w}O Q=DiQ |@=} RQ=

|xrRrR CLD s_vt=v |oOwWo |=Q=O
pUo l}ORv |xRwL

�Q=}Wv=O� �xO=R?Qa p[ir=w@=
�OWQ= |U=vWQ� |wHWv=O� |}=[Qtqe =}wB Q}t=

TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

|xrRrR CLD s_vt=v |oOwWo =@ |WQ@ Q=w}O Q=DiQ R= |at=H lQO |=Q@ 'Q[=L Q=DWwv QO
|=yQ=w}O w |L=Q] T@D}= Q=Ri=sQv QO xk@] 10 w 5 u=tDN=U wO 'pUo l}ORv |xRwL

pOt R= |}=tR;|DU=Q |=Q@ TBU "Ov=xOW |R=UpOt Twm =@; Q=Ri=sQv QO |WQ@
O=a@= w C}akwt |=yQDt=Q=B Q}}eD =@ "CU= xOW xO=iDU= xO=R?Qa w =Owo ; |y=oW}=tR;

V}=Ri= =@ pOt wO Qy |=Q@ xm O=O u=Wv G}=Dv 'T@] pUo l}ORv |xrRrR CLD =y|oOwWo
V}=Ri= xOW ?PH |SQv= w |@Uv u=mtQ}}eD 'x}=B VQ@ '|oOwWo wO u=}t |ki= |xrY=i
x@ C@Uv xk@] 10 pOt QO x}=B VQ@ 'Q=w}O |=B QO |oOwWo uDiQo Q=Qk =@ "CU= xOQm =O}B
V}=Ri= Ea=@ pw= |xk@] QO |oOwWo hPL "CU= xDW=O |QDW}@ Vy=m xk@] 5 pOt
"CU= xDW=Ov |v=OvJ Q}F-=D xk@] 10 pOt QO |rw 'CU= xOW xk@] 5 pOt QO x}=B VQ@

CL=Ut uDW=O x=ov C@=F =@ w u; `=iDQ= w ZQa Q}}eD =@ |oOwWo QF= |UQQ@ CyH
Vy=m Ea=@ |oOwWo ZQa Q}}eD xm OW xOy=Wt xvwtv Qy QO ��30� |oOwWo |xv}W}@

"CU= xOW =yxvwtv QO x}=B VQ@ QDtm Q=}U@

arabzade@modares.ac.ir
amirpooya.gh95@gmail.com "x}=B VQ@ 'pUo l}ORv 's_vt=v |oOwWo '|WQ@ Q=w}O %|O}rm u=oS=w

xtOkt "1
Q=F; |@ QHD CQwYx@ '�2014� u=Q=mty w 2umQq; [4]"CU= xOw@ QDtm �17 =D
|UQQ@ xOW QwYLt |=yRQt =@ =Q |vD@ |=yQ=w}O |}xRQr Q=DiQ QO |QwLt |=yQ=@
w |}xRQr OQmrta QO |yHwD p@=k Q}F-=D '|QwLt Q=@ V}=Ri= xm OvDi=} QO w OvOQm
Q=w}O xvwtv xU '�2015� u=Q=mty w 3|r [5]"OQ=O |vD@ |=yQ=w}O |oDN}Uo Cr=L
ZQat QO =Q |oOwWo uwO@ w s_vt 's_vt=v |oOwWo |=Q=O KrUt uD@ |WQ@
xDN}Uo =@ C}=yvQO xvwtv xU |t=tD xm OvDi=} QO w OvO=O Q=Qk |}xNQJ |Q=PoQ=@
|x}L=v QO uD@ xm |r=L QO 'OvOW CUmW Q=JO =yQwD=tQ; u} QD|vwQ}@ uOW
u}vJty "Ow@ xOW jQwD Q=JO Q=w}O |x}=B |m}ORv QO COW x@ w OQN |Q=Wi
w 4u=ywt [6]"CU= xOw@ =yxvwtv Q}=U R= QDQ}PBpmW 's_vt |oOwWo |=Q=O |xvwtv
s_vt=v w s_vt |oOwWo =@ pmW T w 'L 'H u=tDN=U VW '�2017� u=Q=mty
|=Q@ xm OvDi=} QO w OvOQm |UQQ@ xrRrR Q=@ CLD T@D}= Q=Ri=sQv QO =Q s=Om Qy |=Q@
C@Uv |QD?U=vt Q=DiQ 's_vt=v |oOwWo =@ |WQ@ Q=w}O 'u=tDN=U ẁv xU Qy
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31



"""K
rUt

|vD
@|

WQ@
Q=w}O

Q=DiQ
|@=}

RQ=

"Twm =@; Q=Ri=sQv QO =yxvwtv |rm |xUOvy "5 pmW

CUOx@ RD} Q |r}=Q \@=wQ R= =D@ w =ir; ?}=Q[ 'QF-wt |=yOwt |UQQ@ w �xR=U uRw
p}rLD l} '=ypOt x@ xrRrR ?=DW p=ta= R= p@k [16]:�4 |r= 1 \@=wQ� CU= xOt;
p=ta= =ypOt x@ xrRrR ?=DW TBU w s=Hv= =yxR=U uRw uDiQo Q_vQO |=Q@ |m}D=DU=

"CU= xOW
C = � [m] + � [K] (1)(
�

�

)
2 !m!n
!2
m � !2

n

"
!n �!m
� 1
!n

1
!m

#(
�m
�n

)
(2)

�m = �n = � = �5(
�

�

)
= 2�
!m + !n

(
!m!n

1
)

(3)

! = 2�f (4)

Qo}Om} x@ C@Uv |oOwWo wO |ki= |xrY=i "3
|Q=PoOQor}t QO|oDUw}B=v O=H}=Ea=@KrUtuD@|WQ@ |=yQ=w}O QO|oOwWo OwHw
O=H}= w |oOwWo h=Q]= |L=wv QO VvD RmQtD O=H}= Ea=@ Qt= u}ty xm OwW|t
xm OUQ|t Q_v x@ Qw]u}= xOW xDio ?r=]t x@ xHwD =@ "OwW|t TQOwR |=ylQD
5 'Qw_vt u}ty x@ "CU= Q=PoQ}F-=D |QDt=Q=B Qo}Om} R= |oOwWo wO |ki= |xrY=i
Q=w}O pw] x@ |oOwWo wO |ki= |xrY=i Cw=iDt C@Uv =@ 5 pmW =@ j@=]t xvwtv
=yxvwtv C=YNWt w |R=Ux}@W Twm =@; Q=Ri=sQv QO xk@] 10 w 5 |=ypOt QO |WQ@
pOt W10 w xk@] 5 |xvwtv QO |rY= pOt W5 "CU= xOW x�=Q= 6 pwOH QO
|rm |xUOvy uO=O u=Wv |=Q@ CU= QmP x@ sRq "CU= xk@] 10 |xvwtv QO |rY=
=y|oOwWo |xUOvy uOw@ u=Um} x@ xHwD =@ '5 pmW Ovv=t 'Q[=L Q=DWwv QO =yQ=w}O
xOW xO=iDU= xk@] 5 pOt R= \ki '=ypmW Q=QmD sOa w xk@] 10 w 5 |=ypOt QO

"CU=

xk@] 5 pOt "1"3
x@ xHwD =@ Qo}Om} R= |oOwWo wO |ki= |xrY=i QDt=Q=B '8 |r= 6 |=ypmW =@ j@=]t
|SQv= w |@Uv u=mtQ}}eD 'x}=B VQ@ QO '|oOwWo wO u=}t |Q]k |L=wv uOw@ |v=QL@
V}=Ri= Qo}Om} R= =y|oOwWo uOW QwO =@ w xOw@ Q=PoQ}F-=D xk@] 5 pOt |xOW ?PH
Q=w}O pw] x@ |oOwWo wO |ki= |xrY=i C@Uv =@ 'W5�14 |xvwtv QO "Ov=xOQm =O}B

"xk@] 10 pOt |WQ@ Q=w}O C=YNWt "3 pwOH
(mm) O=a@= Ct=N[ xk@]|RQt |=RH= |oOwWo (mm)

650� 650 1450� 1200 500 1
650� 650 1450� 1200 500 2
600� 600 1450� 1200 450 3
600� 600 1450� 1200 450 4
550� 550 1450� 1200 400 5
550� 550 1450� 1200 400 6
500� 500 1450� 1200 350 7
500� 500 1450� 1200 350 8
450� 450 1450� 1200 300 9
450� 450 1450� 1200 300 10

"|iQYt uD@ C=YNWt "4 pwOH
(MPa) xRwQ 28 Ctw=kt (kN=mm2) |v=UWm pwOt

30 28

"|iQYt OQor}t C=YNWt "5 pwOH
(MPa) \UwDt s}rUD Ctw=kt (kN=mm2) |v=UWm pwOt

600 200

|OOa |R=UpOt "3"2
|xNUv Twm =@; Q=Ri=sQv R= s_vt=v |oOwWo =@ |WQ@ |=yQ=w}O |R=UpOt |=Q@
|Q}tN CQ=UN pOt R= O=wt |Q=DiQ pOt u}}aD |=Q@ "CU= xOW xO=iDU= 16=0
"CU= xOW |iQat xt=O= QO xm CU= xOW xO=iDU= �1989� u=Q=mty w 11Qv}r@ wr
|DNU Vy=m Q=F; 'Qv}r@ wr |Q}tN CQ=UN pOt QO xOW |iQat |t}rUD K]U
=@ |@U=vt j@=]D w xOQm p=ta= |DUQO x@ |Q}tN w |a=HDQ= Cr=L wO Qy QO =Q
Q@ sm =L |oDN}Uo 'QwmPt VwQ |rY= OQmrta "CU= xDW=O |y=oW}=tR; G}=Dv
u=wD|t |rm Qw]x@ "CU= VWm QO u; |oOQwNlQD w Q=Wi QO uD@ |oOWOQN
[15]:OQm u=}@ KQW u}= x@ =Q |Q}tN CQ=UN pOt Q@ |vD@t |=ypOt |=yxYNWt
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