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w =ywWR=@ u}@ u=H Vv=tm Cra x@ xm CU= xOW xOy=Wt w xDiQo Q=Qk |UQQ@
Q}D |oDN}Uo '=yQ}D QO Ctw=kt w |DNU |v=yo =v Ci= R= |W=v |Q=O}=B=v u}vJty
|R=UpOt j}kO CQwYx@ w ?=NDv= CUNv |xvwtv 'xar=]t u}= QO [11]"OyO|t MQ
xOW |HvUCLY V}=tR; G}=Dv =@ p}rLD R= pY=L G}=Dv '=yDv= QO "CU= xOW

"CU=

|W}=tR; |xvwtv C=YNWt "2
QO [11]'u=Q=mty w |=Hv |ra |y=oW}=tR; pOt j@=]t |@=NDv= |xvwtv C=YNWt

"CU= xOW xO=O u=Wv u; C=}�RH '1 pmW QO w xOW xDiQo Q_v
Ctw=kt w p=mU=B=ot 35 =@ Q@=Q@ p=O QO xO=iDU= OQwt |vD@ Kr=Yt Ctw=kt
150 |vD@ p=O Ct=N[ "CU= xOw@ p=mU=B=ot 460 u; QO OwHwt QwD=tQ;
R= |QDt|r}t 150 pY=wi QO w xOw@ QDt|Dv=U 12 =yM}tpo `=iDQ= w QDt|r}t
"CU= xOW |@=} RQ= p=mU=B=ot 327 =yv; uOW|Q=H Ctw=kt w xDiQ Q=m x@ sy
xDi=} V}=Ri= [13w12] ASTME119 w ISO834 |=y|vLvt j@=]t xQwm |=tO

"CU=

[11]"|HvU CLY |=Q@ |y=oW}=tR; |xvwtv "1 pmW

106



"""w
|QY

tkQ
wBuU

Lx
Wiv

@'|
�=}L

}Ow
tLt "3 Om wQw} QO Oqwi |rY= C=}YwYN Vy=m ?}=Q[ "1 pwOH

|Wy=m ?}=Q[
(�a) =tO|v=UQ}tN pwOt ?U=vD OL s}rUD Ctw=kt

(0C)
(kE; �) (kp; �) (ky; �)

1 1 1 20
1 1 1 100

0 9 0 807 1 200
0 8 0 613 1 300
0 7 0 42 1 400
0 6 0 36 0 78 500
0 31 0 18 0 47 600
0 13 0 075 0 23 700
0 09 0 05 0 11 800

0 0675 0 0375 0 06 900
0 045 0 025 0 04 1000
0 025 0 0125 0 02 1100

0 0 0 1200

"3 Om wQw} QO uD@ |rY= C=}YwYN Vy=m ?}=Q[ "2 pwOH

"cu1;� "c1;�
[kc(�c)] Ctw=kt Vy=m ?}=Q[

(�c) =tOl@U |my; |U}r}U (0C)

0 02 0 0025 1 1 1 20
0 0225 0 004 1 1 1 100
0 025 0 0055 1 0 97 0 95 200
0 0275 0 007 1 0 91 0 85 300
0 03 0 01 0 88 0 85 0 75 400

0 0325 0 015 0 76 0 74 0 6 500
0 035 0 025 0 64 0 6 0 45 600
0 0375 0 025 0 52 0 43 0 3 700
0 04 0 025 0 4 0 27 0 15 800

0 0425 0 025 0 28 0 15 0 08 900
0 045 0 025 0 16 0 06 0 04 1000
0 0475 0 025 0 04 0 02 0 01 1100

- - 0 0 0 1200
"OOQo|t Qw_vt |rwtat uD@ QO \ki "cu1;� w "c1;� Q}O=kt

pY=L G}=Dv =@ =yv; G}=Dv 'OwOLt <=RH= |=ypOt Q=@Da= |HvUCLY |=Q@
xOW xU}=kt 2 pmW QO [11]'u=Q=mty w |}=Hv |ra |y=oW}=tR; |=yuwtR; R=

"CU=
'OvQ=O |tm hqDN= sy =@ 2500 |x}v=F OwOL =D =y|vLvt xm OwW|t xOy=Wt
QO =tO 'CU= xOt; 3 pmW QO xm ISO834 |vLvt x@ xHwD =@ u=tR u}= QO uwJ
w 6 x@ ?}DQD x@ uD@ w Oqwi Ctw=kt u; QO xm CU= O=Qo|Dv=U |xHQO 900 OwOL
Q=Okt �6 75 x@ R}v Oqwi |v=UWm pwOt w �j=D= |=tO QO� x}rw= Ctw=kt OYQO 8

QDtm |Q}}eD |}=yv |=y?=wH QO Vt uOWR} Q xm CU= ?U=vt |rOt "Ov=xOW
QDt=Q=B VywSB u}= |=Q@ "Ovm O=H}= =Q ��1 j}kLD u}= QO� XNWt Q=Okt l} R=
QDt=Q=B u}= 'xr�Ut pL pw] s=tD QO "CU=yQ}D |v=}t |x]kv QO u=mtQ}}eD |}=Qosy
xDiQQ=mx@ Vt O=a@= C}=yv QO "CU= xOW xU}=kt w C�=Qk |r=wDt pOt wO Qy |=Q@
xm 'CU= xOW ?=NDv= QDt|r}t 50 '|R=UpOt R= pY=L G}=Dv |xU}=kt R= Oa@
CtUk QO u=tr= 6656 w QwD=tQ; u=tr= 1088 'p=O VN@ QO u=tr= 4800 pt=W

"CU= xOw@ |Qw@vR xvq Q}D

107



"""xv
qQ}

D=@
C}

RwBt
=mh

kU
Q=DiQ

|U
QQ@"|R=UpOt QO xDiQQ=m x@ Kr=Yt C=YNWt "3 pwOH

200000 MPa Oqwi |v=UWm pwOt
20000 MPa uD@ |v=UWm pwOt
240 MPa Oqwi uOW|Q=H VvD
25 MPa uD@ |xRwQ 28 Ctw=kt

"=yxvwtv QO =tO � xv=yO \Uw u=mtQ}}eD Q=Owtv "4 pmW

=yxvwtv |iQat "1"6
x@ |vD@ p=O =yxvwtv |x}rm QO "Ov=xDiQo Q=Qk |UQQ@ OQwt xvwtv 4 VywSB u}= QO
200 pY=wi x@ 10 QwD=tQ; TvH R= Vt |x}q l} w QDt|r}t 100 Ct=N[
1200 u; ZQa w QDt|r}t 5000 |vD@ p=O pw] "CU= xOW xDN=U |QDt|r}t
CPE180 'CPE200 'CPE220 |=yxQ=tW x@ |Qw@vR xvq Q}D 4 "CU= QDt|r}t
QO |vD@ p=O Q} R |Qw@vR xvq Q}D u=wvax@ QDt|r}t 4500 pw] =@ w CPE160 w

"CU= xOt; 3 pwOH QO Kr=Yt C=YNWt "Ov=xOW xDiQo Q_v

C} RwBt=m Q}D |xv=yO \Uw u=mtQ}}eD OvwQ |UQQ@ "2"6
� |m}v=mt xrB wm R}r=v; R= 'OvQ=O Q=Qk |m}v=mt w |DQ=QL Q=@ CLD =yxvwtv xm =Hv; R=
Q_v QO =RHt |=ys=o QO =Q hrDNt |=yQ=@ C=QF= =D CU= xOW xDiQo xQy@ |DQ=QL
p}rLD w xDiQo Q=QkC} RwBt=mhkU |wQ |D@=F Q=@ s=ol} QO =OD@= Qw_vt u}O@ "OQ}o@
|RwUVD; CLD Q}D Q=DiQ Qo}O s=o QO w s=Hv= =yxvwtv |wQ Q@ |]NQ}e |m}D=DU=
u=mtQ}}eD Q=Owtv ?r=k QO =yp}rLD R= pY=L G}=Dv '4 pmW QO "CU= xOW u}}aD

"CU= xOW x�=Q= =tO � xv=yO \Uw
V}@=tm =yQ=Owtv |t=tD xm Cio u=wD|t p}rLD R= pY=L G}=Dv |UQQ@ =@
OwOL QO |}=tO =D xm CU= wLv u}O@ C=Q}}eD OvwQ "OvQ=O |y@=Wt C=Q}}eD OvwQ
CQ=QL V}=Ri= =@ xrY=iq@ w OQ=O |tm ?}W =yu=mtQ}}eD V}=Ri= OvwQ 'xHQO 550
u}= "Ov@=}|t V}=Ri= |yHwD p@=k OvD ?}W =@ =yu=mtQ}}eD 'Q=Okt u}= R= QDW}@
p=O w Q}D |DNU |xOwOLt u}= R= Oa@ xm CU= ?r]t u}= |xOvyOu=Wv OvwQ
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1. embeded region constraint
2. convergence test
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