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le|vD@ |x} wQ Q=DiQ |QDt=Q=B |xar=]t

Q_vQO =@ |vD@ |x}wQ R} QovU |=yOU QO
OU |xvO@ Kr=Yt |oOvwWCNU Q=DiQ uDiQo

�|@ Qt� �|v=NuUL s}y=Q@=
O=@;hHv OL=w '|tqU= O=R; x=oWv=O 'u=Qta |UOvyt |xOmWv=O

�Q=}Wv=O� u=}@rL |OytQ}t=
u=yiY= |DavY x=oWv=O 'u=Qta |UOvyt xOmWv=O

pmWQ}}eD Q=JO |vD@ |x} wQ '|vD@ |x} wQ =@ |ovUxQ=B |=yOU QO uRNt |Q}o@; QF= QO
|=yVvD Q=Okt xJv=vJ "O@=}|t VQDUo u; QO |Q=Wi w |WWm |=yVvD w OwW|t

=Q OU OQmrta w OwW|t |vD@ VWwB ?}U; x@ QHvt 'OwW R=Ht Q=Okt R= V}@ xOWQmP
|xvO@ Kr=Yt pmWQ}}eD 'xOWQmP |xv}tR QO syt pt=wa R= |m} "Ovm|t pqDN= Q=JO
Q=DiQ uDiQo Q_vQO C}r@=k xm ?U=vt |Q=DiQ pOt l} =OD@= 'Q[=L Q=DWwv QO "CU= OU

QF-wt pt=wa Qo}O |xar=]t x@ u; R= TB w xO=iDU= 'OW=@ xDW=O =Q |ovUxQ=B Kr=Yt
|Q=DiQ pOt l} R= xO=iDU= xm OyO|t u=Wv |OOa |=yp}rLD G}=Dv "CU= xOW xDN=OQB
`=iDQ= u}vJty "OQ=O |vD@ |x} wQ OQmrta QO |tyt Q}F-=D 'OU |xvO@ Kr=Yt |=Q@ ?U=vt
Q=Okt QO Q=PoQ}F-=D pt=wa Qo}O R= OU |xvO@ Kr=Yt w x} wQ u}@ l =m]Y= ?} Q[ w OU

"OvDUy |vD@ VWwB QO xDi=}xaUwD |=yVvD

e.hasankhani@pci.iaun.ac.ir
mahdi@cc.iut.ac.ir

'|Q}tNu=UWm 'xDi=}xaUwD |=yVvQm '|vD@ |x} wQ 'CFRD %|O}rm u=oS=w
"OwOLt <=RH= '|oOvwWCNU

xtOkt "1
xOW s=Hv= OU |xvO@ pmWQ}}eD |ovwoJ OQwt QO |v=w=Qi |=yp}rLD uwvm =D
QDtm |vD@ p=O QO xDi=}xaUwD |=yVvD w xvO@ pmWQ}}eD \=@DQ= x@ =t= [11�9]'CU=
OQmrta OQwt QO |i=m C=aq]= u=Oki w x} wQ syt Vkv x@ xHwD =@ "CU= xOW xHwD
R= VN@ u}= Q=DiQ |UQQ@ Qw_vt x@ QDW}@ C=ar=]t swRr 'xOWQmP Q}PB=vPwiv VWwB
4 R= pmWDt pwtat CQwYx@ 'CFRD |=yOU |xvO@ "OwW|t T=UL= ,qt=m OU
pmWQ}}eD |ovwoJ [12]"OQ=O |Dw=iDt C=YNWt 'x}L=v Qy Kr=Yt xm CU= x}L=v
Q=DiQ |xar=]t |=Q@ u}=Q@=v@ w OQ=O |oDU@ OU |xvO@ pmWQ}}eD |wor= x@ ,qt=m x} wQ
QO|ovUxQ=B Kr=Yt Q=DiQ |xar=]t "OwW p}rLD OU |xvO@ pmWQ}}eDCU= sRq u;
QwmPt Kr=Yt Q=DiQ QO xOvvmQwYLt Q=Wi Q}F-=D R= C}=mL 'T=}ktnQR@ |=yx=oDUO
OyO|t u=Wv |ovUxQ=B Kr=Yt |wQ Q@ uwo =vwo |=yV}=tR; 'xwqa x@ [15�13]"OQ=O
CU= VvD x@ xDU@=w w u=UWmQ}e '|]NQ}e Q=DiQ l} |ovUxQ=B |xOwD Q=DiQ xm
[18�16]"OwW|t xHwD p@=k |tHL |=yVvQm x@ QHvt nvU C=a]k |oDUmW w
[19]"CU= xOy=Wt p@=k |Q=DiQ u}vJ R}v h}a[ w xOR=wy |=ynvU OQwt QO
'CU= xOW s=Hv= xOWQmP |=yOU OQwt QO xm |}=yp}rLD QO xm CU= |r=L QO u}=
uwO@ pt=m |Q}tNu=UWm |=ypOt w |]NQ}e u=UWm |Q=DiQ |=ypOt R= ,=DOta
Ov=xDUv=wDv |Q=DiQ |=ypOt u}= =t= [23�20]CU= xOW xO=iDU= OQ=wt u}= uDiQo Q_vQO
OQmrta ?U=vt |v}@V}B w Ovvm |R=Ux}@W |@ wN x@ =Q OU |xvO@ Kr=Yt Q=DiQ

|xOya Q@ |Ov@?;Vkv xm OvDUy |}xR} QovU |=yOU `=wv= R= 1 CFRD |=yOU
|=yOU |=}=Rt x@ xHwD =@ "CU= OU CUOq=@ |xvt=O Q@ xDiQoQ=Qk |vD@ |x} wQ
lOv= |xv} Ry '|i=QowB wD w |]}Lt \}=QW `=wv= =@ j@=]D C}r@=k %p}@k R= 'QwmPt
|=yxyO QO =yu; CN=U [1]'QDtm |}=QH= CqmWt w `k=wt |Q=}U@ QO CN=U
xDiQo Q=Qk u=w=Qi p=@kDU= OQwt uwo =vwo Kr=Yt C=YNWt w hrDNt `=iDQ= =@ Q}N=
OU CUOq=@ |xvt=O Q@ OwOLt Ct=N[ =@ |vD@ p=O 'CFRD |=yOU QO "CU=
`k=w QO "OwW|t uRNt ?; CWv R= `v=t 'Q}PB=vPwiv VWwB u=wvax@ w OQ=O Q=Qk
w C}ty= w [5�2]'CU= |vD@ |x} wQ Q=DiQ w OQmrta x@ xDU@=w ,qt=m 'OU OQmrta
VN@ xm OyO|t u=Wv C=}@ QHD "OR=U|t XNWt =Q QwmPt VN@ |xar=]t swRr
j=iD= uRNt |Q}o@; |xQwO u}rw= QO '|vD@ |x} wQ w OU |xvO@ pmWQ}}eD |xOta
|=yVvD w =yx=ox}mD |m}ORv QO |WWm |=yVvD s=ovy u}= QO [7w6]'ODi=|t
|=ypmWQ}}eD Q=Okt xJv=vJ [4]"Ovvm|t =O}B xaUwD x} wQ |v=}t VN@ QO |Q=Wi
QHvt Ov=wD|t 'OW=@ R=Ht OL R= V}@ |vD@ |x} wQ QO =yVvD Q=Okt w OU |xvO@

[8w2]"OwW uRNt ?; CWv xH}Dv QO w |vD@ |x} wQ |oOQwNlQD w ?}U; x@
pw�Ut xOvU} wv �
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"p-t |xLiY QO Q=Olyqm Qo =QB � Qm =QO pOt QO s}rUD Kw]U "1 pmW

s}rUD K]U "1 %�1 pmW� CU= xOW p}mWD VN@ 3 R= Q=Olyqm Qo =QB � Qm =QO
QO Kr=Yt s}rUD Ea=@ xm Qo =QB � Qm =QO |Q}tN |oDN}Uo Q=}at =@ Qo =QB � Qm =QO
pmW|w[}@ s}rUD K]U "2 &OwW|t |Q}tN |=yVvQm VQDUo w |WQ@ Cr=L
Kr=Yt|oOvwWCNU Q=DiQ w pQDvm =Q|tHL |Q}tN |=yVvQm xm �Cap�lyqm
s}rUD K]U wO \=@DQ= Qw_vt x@ xm |r=kDv= |x}L=v "3 w &Ovm|t |R=Ux}@W =Q
|OOa |=y=]N RwQ@ R= |Q}owrH w CN=wvm} CQwYx@ lyqm w Qo =QB � Qm =QO
Qo =QB � Qm =QO |Q=DiQ pOt QO |oOvwWs}rUD Q=DiQ `k=w QO [25]"CU= xOW h} QaD
xOy=Wt p@=k =RHt Q=DiQ wO w OQ=O |oDU@ l}D=DU=wQO}y Q=Wi x@ Q=Olyqm
|r=L QO 'OQ=O |Q}tN ,qt=m |Q=DiQ Kr=Yt '|WQ@ |oDN}Uo |xLiY QO %CU=
|Q=DiQ Kr=Yt '|tHL |Q}tN |=yVvQm x@ xDU@ lyqm s}rUD K]U QO xm
K]U |x]@=Q Qov=}@ ?}DQD x@ '2 w 1 |=yx]@=Q "OvQ=O xOvwWsQv =} w xOvwWCNU

%OvDUy lyqm w Qo =QB � Qm =QO s}rUD
FS = t� p tan� � d = 0 (1)

Fc =

s
(p� pa)2 + ( Rt

1 + �� �= cos�
)2 �R(d+ pa tan�)

= 0 (2)

l =m]Y= |x} w=R � 'Qo =QB � Qm =QO s}rUD K]U |x]@=Q Qov=}@ Fs '=yu; QO xm
'lyqm s}rUD K]U |x]@=Q Fc 'p� t |xLiY QO |oOv@UJ d 'l =N |rN=O
=D 0 01 u}@ ,qwtat� lJwm |OOa � 'lyqm pmW pQDvm x@ \w@ Qt QDt=Q=B R
QDt=Q=B pa w lyqm w Qo =QB � Qm =QO s}rUD K]U u}@ QPo K]U h} QaD |=Q@ �0 05
"CU= |tHL |Q}tN VvQm R= |a@=D u=wvax@ xOvwWsQv � xOvwWCNU Q=DiQ pQDvm

"OvDUy |WQ@ VvD w u}ov=}t VvD Qov=}@ ?}DQD x@ t w p u}vJty
Ea=@ xmv}= pw= %OQ=O |oS} w wO Qo =QB � Qm =QO pOt QOlyqm s}rUD K]U OwHw
'|oOvwWCNU \}=QW CLD Kr=Yt 'l}D=DU=wQO}y VvD p=ta= \}=QW QO OwW|t
|a=UD= sHLQ}}eD pQDvm Ea=@ xmv}= swO w OvwW |Q}tN CQwYx@ |oOQWi Q=JO
w V}=Ri= =@ x=Qty |Q=DiQ Qo =QB � Qm =QO pOt QO lyqm |}=Hx@=H "OwW|t Kr=Yt
xOvwWsQv � xOvwWCNU Q=DiQ w OQ}o|t CQwY |tHL |Q}tN |=yVvQm Vy=m
\@DQt |Q}tN |tHL VvQm x@ =Q u}ov=}t QF-wt VvD xm |]N xO=U |x]@=Q l} =@

%�3 |x]@=Q� OwW|t h} QaD 'Ovm|t
Pb = pb("plvolj0 + "plvol) (3)

VvQm Q=Okt '"plvolj0 w l}D=DU=wQO}y Q=Wi CLD Kr=Yt s}rUD VvD Pb 'u; QO xm
lyqm C}akwt 'QwmPt Q=Okt `k=w QO xm CU= p}rLD R=e; QO |tHL |Q}tN

pOt '`k=w QO "CU= O}OQD w lW OQwt 'u; QO xDi=}xaUwD |=yVvD Q}O=kt w x} wQ
p}rO x@ 'CU= xOW xO=iDU= u; R= |irDNt `H=Qt QO xm nv=J � umv=O l} w@ QB}=y
Q=Wi QF= QO |ovU C=a]k |oDUmW R= |W=v |tHL |=yVvQm uDiQov Q_vQO
|xU}=kt =@ w xt=O= QO ẁ[wt u}=� CU}v |@U=vt pOt 'l}D=DU=wQO}y |x@v=Hxty

�"CU= xOW xar=]t hrDNt |Q=DiQ |=ypOt
Q}F-=D 'u; R= |W=v sHL Q}}eD w |ovU C=a]k CUmW xm CU= |r=L QO u}=
O}=@ |OOa |=yp}rLD QO w OQ=O Kr=Yt pmWQ}}eD w Ctw=kt QO |}x_Lqt p@=k
uwJty R}v swUQt |Q}tNu=UWm |Q=DiQ |=ypOt u}vJty [16]"OQm xHwD u; x@
Q=DiQ p}rO x@ u; Q@ xwqa w OQ=Ov =Q |D}r@=k u}vJ '?trwm � Qywt |Q=DiQ pOt
|ovUxQ=B Kr=Yt |]NQ}e Q=DiQ |R=Ux}@W QO 'pt=m |Q}tN � |]N u=UWm
x@ =Q xvO@ pmWQ}}eD Ov=wD@ xm ?U=vt |Q=DiQ pOt l} ?=NDv= u}=Q@=v@ "OQ=O ha[
|xvO@ pmWQ}}eD Q}F-=D Q@ xwqa "OUQ|t Q_v x@ sRq 'Ovm |R=Ux}@W |@U=vt wLv
x} wQ QO xDi=}xaUwD |=yVvD Q=Okt QO R}v |Qo}O pt=wa '|vD@ VWwB Q=DiQ QO OU

[24w22'3]"CU= Q=PoQ}F-=D
C=YNWt Q}F-=D |UQQ@ x@ u}vJty Q[=L Q=DWwv QO '`t=H C=ar=]t ?=}e QO
xOW xDN=OQB x} wQ Q=DiQ QO |QDt=Q=B |xar=]t ?r=k QO |UOvy w |m}vmDw�S
Qo =QB � Qm =QO |Q=DiQ pOt R= OU |xvO@ Kr=Yt Q=DiQ |R=Ux}@W CyH "CU=
Qm =QO |Q=DiQ pOt C}r@=k |UQQ@ Qw_vt x@ =OD@= QO "CU= xOW xO=iDU= Q=Olyqm
|x} wQ Q=DiQ xH}Dv QO w xvO@ Kr=Yt pmWQ}}eD |v}@V}B QO Q=Olyqm Qo =QB �
R= pY=L G}=Dv w OW |R=UpOt �Da'ao� xOWxDN=U OU |xvwtv l} '|vD@
=@ |Q}tNu=UWm pw=ODt pOt w QwmPt pOt R= xO=iDU= =@ xDiQos=Hv= |=yp}rLD
xOW xU}=kt pLt QO xOW|Q}oxR=Ov= Q}O=kt =@ '?trwm � Qywt |oDN}Uo Q=}at
|=y|vLvt =@ xU}=kt w uOQm xQ@}r=m =@ |Q=DiQ pOt wO x@ \w@ Qt |=yQDt=Q=B "CU=
?=NDv= =@ 'xt=O= QO "Ov=xOt; CUOx@ xvO@ hrDNt |L=wv Kr=Yt VvQm � VvD
pt=wa QF= |UQQ@ w EL@OQwt |=yOU QO |QDt=Q=B |xar=]t x@ ?U=vt |Q=DiQ pOt
?r=k QO QwmPt pt=wa R= l} Qy Q}F-=D R}v w |m}vmDw�S C=YNWt w |UOvy
u; QO xDi=}xaUwD |Q=Wi w |WWm |=yVvD w x} wQ pmWQ}}eD |xv}W}@ Q=Okt
OwOLt <=RH= Q=Ri=sQv R= xO=iDU= =@ w |Oa@ wO CQwYx@ =yp}rLD "CU= xOW xHwD
`t=H C=aq]= 'Da'ao OU |Q=PoQ=R@= G}=Dv R= xO=iDU= p}rO "CU= xOW s=Hv=
QF= QO |vD@ |x} wQ QO xDi=}xaUwD |=yVvQm w pmWQ}}eD Q=Okt =@ \=@DQ= QO u;
|L=wv Kr=Yt VvQm � VvD Q=DiQ x@ \w@ Qt C=aq]= u}vJty w uRNt |Q}o@;
QwmPt |xar=]t QO xO=iDU=OQwt |Q=DiQ pOt |=yQDt=Q=B R= |Q}oxQy@ =@ u; hrDNt

[19]"CU=
|a@vt u=wva x@ u; QO OwHwt j}kO Q=R@= Q}O=kt p}rO x@ \ki `HQt u}= `k=w QO
Kr=Yt Q=DiQ |R=Ux}@W QO Q=Olyqm Qo =QB � Qm =QO pOt|}=Q=m w|HvUCLY |=Q@
Q[=L |xar=]t QO 'xt=O= QO "CU= xOW xO=iDU= CFRD |=yOU QO OU |xvO@
Q}F-=D |UQQ@ Qw_vt x@ |QDt=Q=B |xar=]t '|Q=DiQ pOt C}r@=k R= u=v}t]= R= TB

"CU= xOW s=Hv= |vD@ |x} wQ Q=DiQ QO hrDNt OQ=wt

u; |=yQDt=Q=B w |Q=DiQ pOt |iQat "2
|Q}tN |tHL |=yVvQm uOQm pOt |}=v=wD Q=Olyqm Qo =QB � Qm =QO |Q=DiQ pOt
sHL Q}}eD w OQ=O =Q l}D=DU=wQO}y |Q=PoQ=@ QF= CLD Kr=Yt |oOQWi `k=w QO w
|Q=DiQ pOt s}rUD K]U "Ovm|t pQDvm |WQ@ |oDN}Uo RwQ@ s=ovy QO =Q Kr=Yt

38
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"�QDt ?UL Q@ =yxR=Ov=� Da'ao OU `]kt u} QDnQR@ "2 pmW
[19]"OU |xvO@hrDNt|L=wv |=Q@V}=tR;\UwD xOt;CUOx@ |=yQDt=Q=B "1 pwOH

|rN=O l =m]Y= |x} w=R |mwB C@Uv XwYNt uRw x}L=v�xHQO� (�) (Kg=m3)
66 0 23 2175 1
66 0 25 2145 2
63 0 26 2120 3
62 0 28 2100 4

"OU |xvO@ Kr=Yt |oOvwWCNU |=yQDt=Q=B "2 pwOH
P:(MPa) Cs Cc x}L=v

0 4 0 001 0 03 1
0 4 0 001 0 02 2
0 4 0 001 0 02 3
0 4 0 001 0 05 4

|L=wv Kr=Yt |=Q@ Q=Olyqm Qo =QB � Qm =QO pOt |=Q@ R=}vOQwt |=yQDt=Q=B 'Ov=xOt;
x@ x=oW}=tR; QO =yu; Q}O=kt xm |}=yQDt=Q=B "CU= xOW u}}aD OU |xvO@ hrDNt
pwtat |xOwOLt QO w =yQDt=Q=B Q}O=kt |=Q@ =]N w |aU pta =@ 'CU= xOt=}v CUO
|L=wv Kr=Yt x@ \w@ Qt VvQm � VvD |vLvt =@ xU}=kt w |m =N Kr=Yt |=Q@
?} Q[ Ovv=ty swrat Q}O=kt =OD@= xm CQwY u}= x@ "CU= xOW u}}aD OU hrDNt
5 w 4 \@=wQ R= xO=iDU= =@ [19]'`HQt QO xOWx�=Q= |oOv@UJ w |rN=O l =m]Y=

"OW u}}aD Q=Olyqm Qo =QB � Qm =QO |Q=DiQ pOt |=Q@
=yQDt=Q=B Q}}eD w |R=Ux}@W 80 OwOL s=Hv= =@ |Q=DiQ pOt u}= Qo}O |=yQDt=Q=B
Q=Owtv =@ |QwLtxU uwtR; |R=Ux}@W R= pY=L VvQm � VvD Q=Owtv xm|v=tR =D
VvD Q=OwtvCU= QmP u=}=W "Ci=} xt=O= 'OwWnvy=ty xQ=W= OQwt `HQt R= pY=L
|=Q@ OwHwt |=yQDt=Q=B w nv=J � umv=O |Q=DiQ pOt R= xO=iDU= =@ `HQt VvQm �
pY=L 'FLAC Q=Ri=sQv QO OwHwt FISH u=@ R x@ |U} wvxt=vQ@ R= xO=iDU= =@ u;
x�=Q= x=oW}=tR; QO xOt; CUOx@ |Dtw=kt w |m} R}i |=yQDt=Q=B '1 pwOH QO "OW
|QwLtxU V}=tR; G}=Dv R= Kr=Yt |rN=O l =m]Y= |x} w=R Q=Okt "CU= xOW
xOt; CUO x@ QDt|r}t 600 `=iDQ= w 300 Q]k x@ |=yxvwtv |wQ Q@ xOW|WmyR
QwDmwQB sm =QD V}=tR; s=Hv= =@ x}L=v Qy Kr=Yt XwYNt uRw u}vJty "CU=
|=Q@ QDt|r}t 300 O=a@= =@ QDtwO�= V}=tR; =yu; |wQ Q@ w xOW pY=L OQ=Ov=DU=

[19]"CU= xOW s=Hv= `=iDQ= |=Q@ QDt|r}t 180 w Q]k
w Kr=Yt |oOvwWCNU |=yQDt=Q=B x@ \w@ Qt Q}O=kt ?}DQD x@ '3 w 2 pwOH
xQ@}r=m R= xm =Q Q=Olyqm Qo =QB � Qm =QO |Q=DiQ pOt |=Q@ R=}vOQwt |=yQDt=Q=B Qo}O
|xvO@ hrDNt |=yx}L=v Kr=Yt VvQm w VvD |=y|vLvt =@ Ck@=]t w uOQm
'?trwm � Qywt |Q=DiQ pOt xmv}= x@ xHwD =@ "OvyO|t x�=Q= =Q 'Ov=xOW u}}aD OU

VvQm Q=Okt |xOvyOu=Wv R}v "plvol "Ovm|t u}}aD l}D=DU=wQO}y Q=Wi CLD =Q
K]U w s}rUD K]U 'lyqm |x}L=v QO "CU= lyqm s}rUD K]U QO '|tHL
K]U |L=wv QO w CU= Q=QkQ@ 2x=Qty u=} QH uwv=k w j@]vt Qo}Om} Q@ p}Uv=DB
u}= x@ "CU= Q=QkQ@ 3x=QtyQ}e u=} QH uwv=k '|r=kDv= |x}L=v w Qo =QB � Qm =QO s}rUD

"OvDU}v u=Um} s}rUD Kw]U w p}Uv=DB Kw]U xm |vat
|oOv@UJ w |rN=O l =m]Y= |x} w=R� C w � |=yQDt=Q=B uOQm p}O@D |=Q@
d w � |=yQDt=Q=B x@ 'OvQ=O OQ@ Q=m Qo =QB � Qm =QO w ?trwm � Qywt pOt QO xm �l =N
xO=iDU= 5 w 4 |=yx]@=Q R= u=wD|t 'Q=Olyqm |xOWKqY= Qo =QB � Qm =QO pOt QO

%OQm
tan� = 6 sin�

3� sin�
(4)

d = 18c cos�
3� sin�

(5)

Q@ l} QDt=Q=B wR}= |oOQWi V}=tR; G}=Dv OwHw '|oOvwWCNU `@=D u}}aD |=Q@
=Q |oOvwWCNU `@=D u=wD|t '6 |x]@=Q j@] "CU= |QwQ[ |UQQ@ OQwt Kr=Yt

%OQw; CUO x@
"pv = Cc � Cs

2 3(1 + e0)
ln p
p0

(6)

QO |Q=OQ@ Q=@ |vLvt ?}W w |Q=PoQ=@ |vLvt ?}W ?}DQD x@ Cc w Cs 'u; QO xm
u}ov=}t QF-wt VvD p0 w x}rw= |mwB C@Uv e0 '�|mwB C@Uv e� e� logp x=oDUO
Kr=Yt OQwt QO xD@r= "CU= |Q=OQ@ Q=@ � |Q=PoQ=@ |vLvt ?}W Q}}eD pLt QO
x@ QwmPt |x]@=Q R= \ki w OQ=Ov |}=vat s}mLD V}=tR; x@ \w@ Qt Q}O=kt '|ovUxQ=B
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xU}=kt OU |xvO@ Kr=Yt |=Q@ QwmPt |Q=DiQ pOt wO R= xO=iDU= =@ xOWx@U=Lt w
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xHwD =@ |vD@ |x} wQ Ct=N[ w xOw@ s�=k 1 x@ |ki= 1 4 'QDt 145 w 165 u}@ R=QD
x@ OU |xUOvy [19]"�OU `=iDQ= H� CU= xOW u}}aD 0 3 + 0 02H |x]@=Q x@
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Surface Positior (kN=m2) (MPa)

1 0 0 0 4 0 0 3 100 1
1 0 0 0 4 0 0 3 100 2
1 0 0 0 4 0 0 25 60 3
1 0 0 0 4 0 0 22 45 4
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"�CU= [25]`HQt QO |=yQDt=Q=B R= pY=L V}=tR; Q=Owtv w p=mU=B=ot 0 2

,qt=m Q=DiQ l} |ovUxQ=B Kr=Yt Q=DiQ w OQ=O pt=m |Q}tN � |]N u=UWm Q=DiQ
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|xv}tR QO xm CU= xOW Ea=@ hrDNt pL |=yVwQ w |m =N |=y\}Lt |=Q@
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Oa@ |xrLQt QO 'xvO@ pt=m |R=UpOt R= TB w s=Hv= |QDt 5 |=yx}q CQwYx@ OU
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2175 54 0 0 3 61 1
2145 54 0 0 3 61 2
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"|vD@ |x} wQ QO xOWx@U=Lt w xOW|Q}oxR=Ov= Q}O=kt |xU}=kt "5 pwOH
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61 65 421 77 CU}v OwHwt CU}v OwHwt 0 2253 � xOW|Q}oxR=Ov=
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[25]�2006 'u=Q=mty w
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�Q[=L |xar=]t�

uRNt QO ?; `=iDQ=%; "=� OU uRNt |Q}o@; u}L QO |vD@ |x} wQ CUWv "5 pmW
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|x} wQ QO xDi=}xaUwD |WWm VvQm Q}O=kt 'CU= QDtm ?D=Qt x@ |Q=Wi Ctw=kt x@
?trwm � Qywt pOt |Q}oQ=mx@ xm CU= |r=L QO u}= "OQ=O |QDW}@ C}ty= '|vD@
|x} wQ O=} R CUWv |x�=Q= x@ QHvt OU |xvO@ Kr=Yt Q=DiQ |R=Ux}@W Qw_vt x@
hqDN= xm u; QO |Q=Wi VvQm sm Q=Okt w nQR@ |WWm VvQm Q=Okt w |vD@
OQm u=}@ u}vJ u=wD|t u}=Q@=v@ "CU= xOW 'OQ=O xOW|Q}oxR=Ov= Q}O=kt =@ |O=} R
R= |W=v xm =Q |vD@ |x} wQ Q=DiQ 'CU= xDUv=wD Q=Olyqm Qo =QB � Qm =QO pOt xm
|wor= w Q=Okt '5 pmW "Ovm |R=Ux}@W |@ wN x@ 'CU= OU |xvO@ pmWQ}}eD
QwmPt pmW QO xm Qw]u=ty "OyO|t u=Wv uRNt |Q}o@; u}L QO =Q x} wQ R}N
|vD@ |x} wQ CUWv u=R}t 'uRNt QO ?; K]U `=iDQ= V}=Ri= =@ 'OwW|t x_Lqt
CUWv |xv}W}@ =@ |x]kv C}akwt w O@=}|t V}=Ri= OU CUOq=@ |xvt=O Q@ Owta

"OU |xvO@ hrDNt |L=wv x=Qty x@ Da'ao OU OwOLt <=RH= |Ov@xm@W "4 pmW

Kw]U |}=OH w |}=Hx@=H |xR=H= xm ?trwm � Qywt |oDN}Uo Q=}at R= 'uRNt
u}@ l =m]Y= ?} Q[ xm|r=L QO &CU= xOW xO=iDU= 'OyO|t =Q Qo}Om} x@ C@Uv
|vD@ |x} wQ Kr=Yt |v=UWm pwOt '0 3 Q@=Q@ OU |xvO@ Kr=Yt w |vD@ |x} wQ
Q@ sQowr}m 2400 uD@ XwYNt uRw w 0 17 uwU=wB ?} Q[ 'p=mU=B=o}o 21

"CU= xOW ^=Lr ?amtQDt
|x} wQ pmWQ}}eD |xOWx@U=Lt w xOW|Q}oxR=Ov= |xv}W}@ Q}O=kt '5 pwOH
|Q=Wi |=yVvQm w VvD w �|vD@ |x} wQ R}N� CUOq=@ |xvt=O Q@ Owta |vD@
|xar=]t w Q[=L p}rLD QO |vD@ |x} wQ QO xOWx@U=Lt |xDi=}xaUwD |WWm w

"OyO|t u=Wv =Q [19]'�2006� u=Q=mty w nv} R
|]NQ}e pOt 'u=Q=mty wnv} R |xO=iDU= OQwt|Q=DiQ pOt xmCU= QmP u=}=W
Q=Wi V}=Ri= =@ |rN=O l =m]Y= ?} Q[ Q=Okt u; QO xm CU= xOw@ nv=J � umv=O
|=yVvQm |R=Ux}@W |}=v=wD QwmPt pOt u}vJty "CU= xDi=} Vy=m xOvvmQwYLt
|ovUxQ=B Kr=Yt QO xm =Q l}D=DU=wQO}y Q=Wi p=ta= QF= QO |tHL |Q}tN
|vD@ |x} wQ OQwt QO "OQ=Ov Q=Olyqm Qo =QB � Qm =QO pOt hqNQ@ 'OQ=O C}ty=
Qo =QB � Qm =QO pOt R= xO=iDU= =@ xOWs=Hv= |OOa |=yp}rLD xm OQm Q=y_= u=wD|t
CFRD |=yOU QO =Q syt Q=}U@ VN@ u}= Q=DiQ CU= xDUv=wD |@ wN x@ Q=Olyqm
QO |Q=Wi VvQm Q=Okt \ki 'xOWxQ=W= OQwt QO VL=i hqDN= "Ovm |v}@V}B
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u=wD|t |rm Qw] x@ "O=O C@Uv |Q=Wi VvD Q=Okt Vy=m xH}Dv QO w ?}W CyH
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