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ẁv R= OU l} |Q=O}=B w Pwiv C}a[w 'xOWs=Hv= C=ar=]t R= Qo}O |m} QO

|xt=vQ@ |xr}Uwx@ 'Q=OxRQO *QDU@ nvU Q@ QkDUt w p=U 100 CtOkx@ |}=v@ Kr=Yt
?trwm � Qywt pOt =yxRQO w nvU QO xO=iDU= OQwt pOt [5]"OW |UQQ@ UDEC

pL=Qt 'OU |R=UR=@ |=Q@ |LQ] |x}yD w xR=U |vt}= |@=} RQ= |=Q@ u}vJty &Ow@
l} *|m}v=mtwtQD w |m}v=mtwQO}y p@=kDt |xr�Ut CQwYx@ OU CN=U |rY=
'CUmW |r=tDL= |=yCr=L u}}aD =@ j}kLD u; QO "OW |R=Ux}@W xDUw}B=v \}Lt
p@=kV}=Ri= x@ |O=yvW}B VwQ |R=Ux}@WTBU w OW x�=Q= OU |R=UR=@ |=Q@|LQ]
u}= x@ Q_v OQwt OU |R=UpOt =@ u}kkLt "OW QHvt OU |vt}= ?} Q[ |x_Lqt
nvUxOwD x@ jwi OU p=YD= |vD@ CtUk O=} R |Q}PBPwiv p}rOx@ xm OvO}UQ xH}Dv
|=Q@ |D=O}ytD s=Hv= w 'CW=O Oy=wN x=Qty x@ =Q OU |B QO VRer ,qta '|y=ox}mD
xm O=O u=Wv C}U=UL p}rLD l} QO u=W}= "CU= |QwQ[ OU C}a[w Ow@y@
OwHw |Q=O}=B=v w VRer p=tDL= ,qta OwW ZQi Q}PB=vPwiv jwi |x}L=v xJv=vJ
R= xO=iDU= =@ Q=OxRQO nvUxOwD j}kO |R=UpOt C}ty= Qou=Wv xr�Ut u}= &OQ=Ov

"CU=RHt <=RH= VwQ
OQwt R}v QDt 80 `=iDQ=x@ 'T}} wU QO Albigna |vRw |vD@ OU Q=DiQ
Q=R@= R= pY=L C=Oy=Wt R= xO=iDU= =@ u=v; [6]"CiQo Q=Qk u=QoVywSB |UQQ@
OU |=RHt <=RH= p}rLD R= xO=iDU= =@ R}v w 'OU |B w xvO@ QO xOW?Yv
?; Q=Wi `} RwD w VRer 'lQD VQDUo p=tDL= 'Q=R@= G}=Dv =@ u; O}}-=D w QwmPt
Q=Wi '|UQQ@ OQwt OU QO xm OvOQm xOy=Wt w 'xU}=kt swUQt |=yVwQ =@ =Q
xv=Q=mx_i=Lt Q=}U@ �� swUQt |=yVwQ x@ xHwD =@ �� lQD VQDUo R= Oa@ xOvQ@q=@
xJv=vJ xm OvDi=} QO u}vJty "OQ=Ov |v=wNsy xDiQo CQwY C=Oy=Wt =@ w CU=
O=ODt= Q@ Owta 2Q}PBsm =QD ,=D@Uv |=yxRQO CyH w OW=@ sm Q=}U@ =yxRQO |xrY=i
u}= QO "OQm Oy=wN Q}}eD COWx@ =yxRQO |oOWR=@ |Q}o@; R= Oa@ 'OW=@ xv=NOwQ
?U=vt ?=wH xDUw}B \}Lt QO |OOa |=ypOt w |DUO C=@U=Lt \}=QW
xO=iDU= OU |Q=O}=B |@=} RQ= QO =RHt <=RH= VwQ R= CU= sRq w O=O Ovy=wNv

"OQm
|m}rwQO}y Q=DiQ p@=kDt C=QF= CLD |vD@ |Uwk OU x=ox}mD MU=B 'xQNq=@ w
[7]"CiQo Q=Qk |@=} RQ= OQwt |Oa@ wO |=RHt <=RH= VwQ R= xO=iDU= =@ w |m}v=mt w
'|UOvy |=yQDt=Q=B 'OU CWB ?; Q=Wi C=Q}F-=D OwN j}kLD QO u=QoVywSB
|vD@ |=yOU x=ox}mD |vt}= Q@ =Q Ov@?; |xOQB w =yxRQO |m}v=mt w |m}rwQO}y
w =y|oDUw}B=v pLt QO |oOWR=@ w VRer Q}O=kt u}vJty "OvOQm |UQQ@ |Uwk
=yu; VQDUo u=R}t R= w CiQo Q=Qk |@=} RQ= OQwt =yu; pN=O R= ?; CWv u=R}t
G}=Dv "OW xO=iDU= OU x=ox}mD |vt}= u}tND |=Q@ |YN=W u=wvax@ x=ox}mD pm QO
=yu; |UOvy w |m}rwQO}y '|m}v=mt C=}YwYN w =yxRQO Q}F-=D Qou=Wv xrY=L

"CU= x=ox}mD CWv u=R}t w |vt}= Q@

4

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

QwB|
O}tL

u}O
r=|L

t w
=DUw

Qu}
yt=

[Q

"pOt |RQt \}=QW w |rm |xUOvy "1 pmW

"pOt |=yu=tr= |xm@W R= |}xvwtv "2 pmW

|=yxYNWt "Ovvm|t|wQ}B?trwm�Qywt|Q=DiQpOt R= =yxRQO wKr=Yt|t=tD
w|m}v=mt |=yxYNWt w 1 pwOH QO|B sr=UnvU w|vD@ OU Kr=Yt|m}vmDw�S
|w+Qu=QoZQi =@ '=yxRQO|Q}PBPwiv?} Q["CU= xOt;2pwOHQO =yxRQO|m}rwQO}y
Kj = 1 12� = 83 3Pa�1:s�1 '� = 10�3 Pa:s pO=at ?; |m}t=v}O
|v=UWm pwOt ZQi =@ |B |=yxRQO |WQ@ w s�=k |DNU Q=Okt "OW xDiQo Q_v QO

[9w5]"%CU= xOt; CUO x@ 6 w 5 \@=wQ R= xO=iDU= =@ 8GPa =@ Q@=Q@ nvUxOwD
1
Em

= 1
Er

+ 1
Kn : S

) Kn = 1 2 GPa
m

(5)

Ks �= 1
3Kn = 0 4 GPa

m
(6)

pwOt 'nvUxOwD |v=UWm pwOt ?}DQDx@ S w Kn 'Ks 'Er 'Em =yu; QO xm
=yxRQO |xrY=i w =yxRQO s�=k |DNU '=yxRQO |WQ@ |DNU 'sr=U nvU |v=UWm
Q}O=kt Q@=Q@ 1 5 |WQ@ w s�=k |DNU 'nvU w uD@ u}@ |xRQO |=Q@ "CU= Qo}Om} R=

"CU= xOW xDiQo Q_v QO q=@

%R= CU= CQ=@a u=} QH |@O Cr=L
q = �kja3 �p

l
(3)

|w+Qu=Qo � &CU= 1=(12�) =@ Q@=Q@ u; Q=Okt w 'xRQO |Q}PBPwiv?} Q[ kj u; QO xm
'T=tD |x]kv QO |m}rwQO}y |oOWR=@ a 'x}v=Fp=mU=B ?ULQ@ p=}U |m}t=v}O
|oOWR=@ |rm Qw]x@ "CU= xRQO l} QO T=tD |x]kv |=Q@ xOWh} QaD pw] l w

%OwW|t RwQx@ 4 |x]@=Q R= xt=vQ@ |=QH= pw] QO |m}rwQO}y
a = a0 + un (4)

CU= xRQO s�=k u=mt Q}}eD un w 'QiY VvD QO �T=tD |x]kv� xRQO |oOWR=@ a0
ZQi '�ares� xv}tm Q=Okt l} |oOWR=@ |=Q@ "�OwW|t ZQi C@Ft |oOWR=@�
T=tD |Q}PBPwiv Q@ |Q}F-=D u; R= QDsm Q}O=kt x@ T=tD |m}v=mt uOWxDU@ xm OwW|t
w |m}v=mt |=y|oOWR=@ u}@ xO=U |}x]@=Q Qou=}@ jwi ?r=]t "CW=O Oy=wNv

"CU=yxRQO |m}rwQO}y

Kr=Yt C=YNWt w pOt |xUOvy "3
nvUxOwD R= |a]kt w QDt 100 `=iDQ=x@ |vRw |vD@ OUl} pt=W |UQQ@ OQwt pOt
G=D ZQa "CU= QDt 120 jtax@ R}v w 'CUOq=@ w CUOu}}=B QO QDt 120 pw]x@
|xvO@ "CU= xOW xDiQo Q_v QO 1 x@ 0 6 ?}W =@ OU CUOu}}=B w 'QDt 10 OU
|}xrLQt |xOvyOu=Wv lwr@ Qy xm CU= QDt 10 `=iDQ=x@ lwr@ 10 pt=W OU |vD@
QO QiY CUOu}}=B ?; R=QD w QDt 90 OU CUOq=@ ?; R=QD "CU= OU CN=U R=
R= |@; xvwoI}y w xOw@ Q}PB=vPwiv pOt |Q=vm |=yRQt |t=tD "CU= xOW xDiQo Q_v
QO |ki= |}=Hx@=H R= "OwW|tv pkDvt uwQ}@ x@ u; u}}=B R= =} 'nvUxOwD hQ] wO
xOt; ptax@ Cav=tt |v}}=B RQt O=ODt= QO s�=k |}=Hx@=H R= w s�=k |=yRQt O=ODt=
R= |}xvwtv 2 pmW QO w 'pOt |RQt \}=QW w |rm |xUOvy 1 pmW QO "CU=

"CU= xOW xO=O u=Wv u; |=yu=tr= |xm@W
|=Q=O =yu; |m}v=mtwQO}y X=wN w =yxRQO CyH '?}W u}}aD C}ak=w QO
QO |m}vmDw�S C=i=WDm = u=R}t x@ |oDU@ =yu; OQw;Q@ QO CkO u=R}t w xOw@v C}a]k
C=QF= xOy=Wt w |R=UxO=UCyH xr=kt u}= QO 'OwHw u}= =@ "OQ=O OU |B w =yx=ox}mD
u=Um} qt=m =yxRQOxDUO 'u; x=ox}mD w OU |m}v=mtwQO}y Q=DiQ Q@ =y|oDUw}B=v
"CU= xOW pOt xRQO xDUO xU w wO =@ x=ox}mD nvUxOwD '?}DQDu}O@ &Ov=xOW ZQi
|=yx} w=R |=Q=O sy x@ C@Uv xv=o =OH C}a[w xU QO xRQO xDUO wO 'pw= Cr=L QO
xRQO xDUO xU swO Cr=L QO "�hr=1 pmW QO � |x} w=R� Ov=xHQO 90 w 60 '30
|x} w=R R= pw= |xRQOxDUO Cq=L s=tD QO "Ov=xHQO 60 |x} w=R |=Q=O sy x@ C@Uv
� |x} w=R� Ovm|t Q}}eD ji= x@ C@Uv xHQO 15 pY=wi =@ w xHQO 180 =D QiY
|xrY=i "OwW |UQQ@ OU |Q=O}=B QO =yxRQOxDUO ?}W Q}F-=D =D �?1 pmW QO

"CU= xOW ^=Lr S = 10 m Q@=Q@ CyH Qy QO |B |=yxRQO
w OW p}rLD pt=m Qw]x@ |Q}o@; w CN=U pL=Qt ZwQit pOt |=Q@ =OD@= QO
xrLQt xU QO |Q}o@; w CN=U |x}rw= p}rLD "OW s=Hv= |Q=O}=B |UQQ@ u; R= TB
TBU &O}UQ pO=aD x@ x}rw= |=yVvD CLD |B nvUxOwD pw= |xrLQt QO "OW s=Hv=
pOt s=o Qy QO w OW p}rLD s=o xO QO OU |vD@ |xvO@ CN=U 'swO |xrLQt QO
?; QDt 90 x=Qtyx@ x=ox}mD w OU |xawtHt QN; |xrLQt QO "O}UQ pt=m pO=aD x@

"CiQo Q=Qk |m}v=mtwQO}y p}rLD CLD CUOq=@ uRNt

5

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""|
=yOU

|Q=
O}=B

Q@|
Bn

vUx
OwD

|m
}v=m

twQO
}yQ

F="pOt Kr=Yt |=Q@ xOW^=Lr C=YNWt "1 pwOH
|WWm Ctw=kt xD}Uv=O l =m]Y= |x} w=R |oOv@UJ |tHL pwOt |WQ@ pwOt uwU;wB ?} Q[ |v=UWm pwOt Kr=Yt ẁv
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,qta w xOw@ QDCN=wvm} Cr=L u}= QO =yxRQO ?}W =@ |B |Q=O}=B u=v}t]= ?} Q[
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