
�13
98

Q=y@
�'h

}QW
u=Qt

a|
UOv

yt
�| :v

iC
W=O

O=}�
'14

2�1
31

"X
'1/

2|
xQ=t

W'
35

�2
|xQ

wO

R
es

ea
rc

h
N

ot
e|xr}Uw x@ |vRw |vD@ OU |}xRQr |R=Uy@

xO=iDU= =@ |m}DUq Qo =Q}t
|Dq=tDL= R}r=v; R=
�Q=}Wv=O� �|w=}N |v=@U=B O}Ht

�OWQ= T=vWQ� � |DtLQ O�=k VQ;
|r}@OQ= jkLt x=oWv=O 'u=Qta |UOvyt |xOmWv=O

|=yOU |L=Q] EL@t QO syt EL=@t R= |m} u=wva x@ uRNt w OU VvmQOv= |xr�Ut
V}=Ri= 'xH}DvQO w xrRrR s=ovy QO OU Q@ xOQ=w |m}t=v}OwQO}y |wQ}v V}=Ri= '|vD@
Q@ xwqa CU= xOW |aU Q[=L Q=DWwv QO "OQ=O p=@vO x@ =Q OU Q@ xOQ=w |=yVvD

|}=Q}t j} Q] R= =yVvD Vy=m Qw_vtx@ R}v |m}DUq Qo =Q}t R= |vD@ |xJ}y=t |Q}oQ=mx@
Qo =Q}t |xv}y@ `=iDQ= x@ |@=}DUO Qw_vt x@ "OwW xO=iDU= OU Q@ xOQ=w |m}t=v}OwQO}y Q=Wi

Qo =Q}t `=iDQ= u; QO xm CU= xOW xO=iDU= wrQ=mCvwt |Dq=tDL= p}rLD R= R}v |m}DUq
|=yQ}eDt u=wvax@ 'OU Q@ xOQ=w |}xRQr |=yMU=B w |OwQw Q}eDt u=wvax@ |m}DUq

C@Uv =Q |m}DUq Qo =Q}t xHwDp@=k Q}F-=D 'VywSB R= pY=L G}=Dv "Ov=xOW ?=NDv= |HwQN
x@ xHwD =@ 'u}= Q@ xwqa "OyO|t u=Wv OU Q@ xOQ=w |=yVvD Vy=m QO |vD@ |xJ}y=t x@

"OQm ?=NDv= =Q |m}DUq Qo =Q}t |xv}y@ `=iDQ= u=wD|t |Dq=tDL= p}rLD R= pY=L G}=Dv
^=Lr x@ |m}DUq Qo =Q}t |xv}y@ `=iDQ= xm OyO|t u=Wv |Dq=tDL= p}rLD R= pY=L G}=Dv

"CU= uRNt `=iDQ= 0 7 =D 0 6 OwOL QO OQmrta

pasbani@uma.ac.ir
arash.ghaedrahmati1990@gmail.com

|R=Uy@ 'wrQ=mCvwt '|m}DUq Qo =Q}t 'VvmQOv= '|vRw |vD@ OU %|O}rm u=oS=w
"|}xRQr

xtOkt "1
|vt}= V}=Ri= |=ypLx=Q u} QDG}=Q R= |m} u=wvax@ |vD@ 1|xJ}y=t R= xO=iDU=
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3 40 CN=wvm} |m}DUq Qo =Q}t `=iDQ=

R= |m =L T=}k u}= xm OvOQm xU}=kt |y=oW}=tR; pOtl} |wQ Q@V}=tR; G}=Dv =@ =Q
[13]'1998 p=U QO u}vJty "Ow@ |y=oW}=tR; G}=Dv =@ |R=Ux}@W G}=Dv ?wN j}@]D
=Q wrQ=mCvwt |R=Ux}@WC}r@=k xm NISA s=v x@ OwOLt <=R�H= |xt=vQ@ R= xO=iDU= =@
|=yQ=Owtv CQwYx@ QwmPt |R=Ux}@W G}=Dv w OW |UQQ@ OU u=v}t]= C}r@=k 'OQ=O
C}r@=k p}rLD R}v [14]'�2005� |Qo}O VywSB QO "OvOW xO=O u=Wv |atHD `} RwD
7 w OW s=Hv= wrQ=mCvwt |R=Ux}@W R= xO=iDU= =@ x}mQD QO `k=w 6lwWQwB OU u=v}t]=
T=U=Q@ =Q CUmW p=tDL= xm |rwOH CQwYx@ G}=Dv w h} QaD Q}eDt u=wvax@ QDt=Q=B
xm '2012 p=U QO R}v |O}OH VwQ "OvOW x�=Q= 'O=O|t u=Wv OU |vt}= ?}=Q[
R= xO=iDU= =@ w [15]'OW x�=Q= 'Ow@ OwOLt <=RH= VwQ w wrQ=mCvwt |R=Ux}@W R=|@}mQD
xO=O u=Wv |atHD `} RwD `@=D Q=Owtv CQwYx@ |R=Ux}@W G}=Dv w |UQQ@ OU Q=DiQ u;
'wrQ=mCvwt |R=Ux}@W R= xO=iDU= =@ [16]'�2012� |Qo}O VywSB QO u}vJty "OW
Q_v QO Q}eDt QDt=Q=B 10 u; QO w |UQQ@ VRer Q@=Q@ QO |vRw |vD@ OU u=v}t]=C}r@=k
u=Wv Q}eDt Qy |=Q@ 'VRer Q@=Q@ QOCUmW p=tDL= Q=Owtv CQwYx@ G}=Dv w OW xDiQo
VwQ R= xO=iDU= C}OwOLt p}rO x@ R}v [17]'�2013� u=QoWywSB |NQ@ "OW xO=O
VwQ QO OwHwt |=yC}OwOLt w |m}rwQO}y |=yxR=U u=v}t]= C}r@=k |=Q@ JC

?}mQD j} Q] R= OvOQm |aU xO}J}B w nQR@ |m}rwQO}y |=yxR=U |=Q@ wrQ=mCvwt
|=yxR=U u=v}t]= C}r@=k w p}rLD w x} RHD x@ wrQ=mCvwt VwQ =@ 7?rDt Q=Ri=sQv
Q@ |vD@t |=yVwQ xm O=O u=Wv Q}N= VywSB R= pY=L G}=Dv "OvR=OQB@ |m}rwQO}y
w CU= `} QU w xO=U |m}rwQO}y |=yxR=U u=v}t]= C}r@=k QO wrQ=mCvwt � ?rDt
x@ wrQ=mCvwt VwQ R= xO=iDU= =@ [18]'p=U u=ty QO u}vJty "OvQ=O |@U=vt OQmrta
CN=wvm} C=mQL Q}F-=D |xU}=kt Qw_vt x@ u}tR |Oa@ xUCN=wvm} Q}e C=mQL O=H}=
xOt;CUOx@ G}=Dv w OW xDN=OQB RO |Uwk OU OQmrta QO |Oa@ xU CN=wvm} Q}e w
|Oa@ xU CN=wvm} Q}e |=yCmQL uDiQo Q_vQO R= pY=L |=yMU=B xm O=O u=Wv
Ov=wD|t w CU= Cw=iDt u}tR CN=wvm} |=yCmQL uDiQo Q_vQO x@ C@Uv u}tR
R= xO=iDU= =@ R}v [19]'2014 p=U QO "OyO V}=Ri= =Q sDU}U |}xR=U |=yM�U=B
xm OW xO=O u=Wv u}Dq |@amt |Q=OQ@xvwtv VwQ w wrQ=mCvwt |Dq=tDL= p}rLD
QO |}=yvVvQmC@Uv QO |QDxHwD p@=kVkv 'uD@ |WWmCtw=kt w |v=UWm pwOt
|}xRQr MU=B |@=} RQ= QO |Dq=tDL= p}rLD R= xO=iDU= |xv}tR QO "OvQ=O xrRrR p@=kt
x@ |m}t=v}OwQO}y Q=Wi ?PH Q}F-=D w [20]'OW s=Hv= 2015 p=U QO |WywSB 'OU
R= xOt; CUOx@ G}=Dv w OW |UQQ@ uRNt hm |xr}Uw x@ uRNt QO xOt; OwHw
hm ?PH ?} Q[ C=Q}}eD R= =Q =yMU=B |Q}PB QF= OvwQ |vWwQ x@ 'QwmPt |xar=]t
OU |xvO@ uD@ |DNU Q}F-=D [21]'�2017� Q}N= VywSB |xt=O= QO "O=O|t u=Wv
x@ xHwD =@ w OW |UQQ@ wrQ=mCvwt |R=Ux}@W R= xO=iDU= =@ |}xRQr V}=tv QO |vRw
|@=}CUO CyH 'uD@ nv=} pwOt |xv}y@ Q=Okt x@ u=wD|t 'u; |xOt; CUOx@ G}=Dv

"Ci=} CUO |O=YDk= C=_Lqt uDiQo Q_vQO =@ xR=U u�t]t MU=B x@
|xQ}HvR =@ 'xtwtHtQ} R |R=Ux}@W VwQ R= R}v [22]�2016� |Qo}O u=QoWywSB
x@ 'u=v}t]= C}r@=k p}rLD |=DU=Q QO xDiQW}B Q=R@= l} u=wvax@ wrQ=mCvwt hwmQ=t
"OvOQm xO=iDU= xvwtv O=OaD u} QDtm =@ OU CUmW p=tDL= R= j}kO |@=} RQ= Qw_vt
'wrQ=mCvwt |Dq=tDL= R}r=v; R= xO=iDU= `}Uw OQ@ Q=m 'xOW s=Hv= C=ar=]t x@ xHwD =@
QO QDW}@ """ w 'xUOvy 'O=wt |oS} w uOw@ |iO=YD R= |W=v C}a]k sOa ZQi =@
Ot;Q=m |Q=R@= =@ |}=vW; xm |DQwY QO "CU= xOw@ =yxR=UC}a]k sOa p}rLD |xv}tR
'u=QoWywSB Q=}DN= QO |O}OH C=v=mt= Ov=wD|t u; ha[ w Cwk \=kv |}=U=vW w
|R=Uxv}y@ Qw_vt x@ 'xR=U K=Q] u=UOvyt QDW}@ "OyO Q=Qk u=oDNwt;Vv=O w O}D=U=
QDW}@ QO xm |DQwY QO 'Ovvm|t xO=iDU= xO}J}B |=yQ=Ri=sQv |xawtHt R= =yxR=U
xO=iDU= |=ysD} Qwor= |xQ=@ QO |DL w OvQ=Ov |UQDUO |Q=Ri=sQv Om `@=vt x@ `k=wt

136



1/
2|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

p=} QBt= |xRQru}tR QF= CLD Rd x@ OU G=D |ki= u=mtQ}}eD C}U=UL "8 pmW
"02�|rw

|xRQru}tR QF= CLD Rd x@ OU |xvW=B |WWm |rY= VvD C}U=UL "9 pmW
"02�|rw p=} QBt=

|xRQru}tR QF= CLD Rd x@ OU |xHvB |Q=Wi |rY= VvD C}U=UL "10 pmW
"02�|rw p=} QBt=

p}rLD R= pY=L G}=Dv "CU= xOW |@=} RQ= 01�G} QFQwv w wOv=vQiuU |xRQru}tR
xOy=Wt 14 |r= 11 |=ypmW QO wOv=vQiuU |xRQru}tR QF= CLD pOt |Dq=tDL=

"OwW|t
p@=k OQmrta 'uRNt `=iDQ= �20 Q@=Q@ |a=iDQ= =D |m}DUq Qo =Q}t '11 pmW QO
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'Q[=L Q=DWwv QO "OwW|t xO=iDU= =m} Qt; |xOLDt Cq=}= ?Qe QO QDW}@ xm CU=
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100 QO ?Q[ uRNt `=iDQ= x@ Qo =Q}t `=iDQ= u}@ C@Uv Q@=Q@ Rd xm CU= sRq
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4 52 3 92 1 61 0 33 4 93 10 17 5 47 9 169 17 24
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�cm� �MPa� �MPa� �MPa�
� 2 9 � 0 377 � 6 15 � 6 7 0

8 02 2 66 23 42 0 288 6 67 5 74 5 4 6 337 7 84
16 27 2 43 51 726 0 182 15 67 5 186 14 717 5 713 17 24
21 65 2 27 54 1 0 173 21 7 4 816 22 91 5 165 34 48
25 9 2 15 56 2 0 165 26 6 4 516 29 47 4 72 51 72
27 71 2 1 56 84 0 163 28 65 4 38 31 56 4 58 60 34
30 44 2 01 57 26 0 161 31 32 4 22 33 79 4 43 68 96
32 25 1 96 57 36 0 16 33 4 12 34 97 4 35 77 58
33 99 1 91 57 46 0 160 34 34 4 04 35 84 4 29 86 20
35 31 1 87 57 45 0 160 35 30 3 97 36 22 4 27 94 82
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�cm� �MPa� �MPa� �MPa�
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19 9 2 6 38 0 32 23 33 6 65 24 9 6 01 17 24
26 9 2 37 54 6 0 23 33 38 5 78 37 5 04 34 48
33 3 2 17 63 6 0 187 39 8 5 22 44 5 4 44 51 72
35 4 2 1 65 2 0 18 41 7 5 06 46 7 4 26 60 34
38 2 01 64 6 0 18 40 9 5 13 47 4 24 68 96

39 5 2 64 3 0 18 40 2 5 2 45 7 4 34 77 58
40 8 1 9 64 2 0 185 39 8 5 22 44 7 4 42 86 20
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