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1309 30 1 0 334 0 0184 254000 20 75 9
1183 30 1 0 334 0 0184 254000 30 75 10
856 30 1 0 334 0 0184 254000 40 75 11
692 30 1 0 334 0 0184 254000 50 75 12
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"Ov=xOW V}=tR; sm
x@ f 0cce 'OQ}o Q=Qk �C}=yv|@ C} RmQt R= GwQN� Xr=N VtN CLD xvwtv Qo = "2

"OwW|t uOW |vat|@ Ea=@ u}= xm Ovm|t p}t C}=yv|@ CtU
xvwtv `=aW R= QDnQR@ |=yC} RmQt R= GwQN |=Q@ |Qo}O |=yV}=tR; u}=Q@=v@
Q=Okt 'xOW QmP |y=oW}=tR; |=yxO=O QO OwHwt |=yxvwtv s=tD QO "CU= R=}vOQwt
Cr=L QO |}=yv VvQm Q@=Q@ 1 5 ,=@} QkD 'RmQt R= GQ=N |Q=PoQ=@ CLD |}=yv VvQm
|x}k@ =@ w OQ=O CQ}=et R}v [7]'|w=Otr= pOt =@ V}=Ri= u}= xm 'CU= xOw@ RmQtsy
GwQN OwHw =@ |}=yv VvQm w VvD u}=Q@=v@ "OQ=O Ck@=]t Q[=L |xar=]t QO =ypOt

%OwW|t x@U=Lt 26 |x]@=Q CQwYx@ C} RmQt R=
f 0cce = f 0cco(1 + 5 e

D
)

"ccue = 1 5"ccu (26)

R= xO=iDU= =@ "ccu w � = 3 5 Q=Okt =@ 15 |x]@=Q R= xO=iDU= =@ f 0cco 'u; QO xm
"OwW|t x@U=Lt 8 |x]@=Q

|xOW QwYLt uD@ |}=yv VvQm w |Q=Wi Ctw=kt |@=} RQ= "4"3
RmQt R= GQ=N Q=@ CLD FRP

G}=Dv R= xO=iDU= =@ 'p@k |=yCtUk QO xOt; CUOx@ \@=wQ '|vwvm VN@ QO
'4 pwOH QO "CU= xOW |}=tR;|DU=Q [19]'|O=y Q=DWwv QO OwHwt |y=oW}=tR;
|y=oW}=tR; G}=Dv w \@=wQ G=QNDU= |=Q@ xO=iDU= OQwt |=yxO=O |y=oW}=tR; G}=Dv
Q_vQO uwO@� Cr=L wO QO [16]'|O=yvW}B pOt G}=Dv x=Qty x@ [19]'|O=y Q=DWwv QO
Ow@y@ Q=Okt w =yv; |=y=]N u}vJty w �C} RmQt R= GwQN uDiQo Q_vQO =@ w uDiQo
R= GwQN uDiQo Q_vQO uwO@ w uDiQo Q_vQO =@� Cr=L wO QO =y=]N OYQO |xDi=}

"CU= xOW x�=Q= �C} RmQt
|Q=Wi Ctw=kt Q}O=kt u}tND QO C} RmQt R= GwQN xm |v=tR '4 pwOH j@=]t
uwDU \UwD ptLD p@=k |wQ}v u}tND '�25 |x]@=Q� OwW|t xDiQo Q_v QO |}=yv
QDy@ '�15 |x]@=Q� OwW|tv xDiQo Q_v QO |Q=Wi Ctw=kt xm |Dr=L x@ C@Uv
QO �53 |xv}W}@ Vy=m Ea=@ xm |Qw] x@ 'OyO|t ?=wH QDy@ pOt w OwW|t
"CU= xDi=} Vy=m �6 x@ �11 R= =yxvwtv |rm |=]N w xOW xvwtv |=y=]N OYQO

|Q}oxH}Dv "4
C@Uv x@ xmr@ 'OQ=Ov |oDU@ FRP ẁv x@ \ki 'FRP VvQm QF-wt pt=a k" "1

"OQ=O |oDU@ xOWv QwYLt uD@ |Q=Wi Ctw=kt x@ |v=UWm pwOt
QwYLt |=yuwDU |=Q@ |QDy@ u}tND 'Q[=L |xar=]t QO xOW KqY= |=ypOt "2

"OvyO|t x�=Q= RmQt R= GQ=N w RmQtsy |Q=PoQ=@ CLD xOW
"O@=}|t V}=Ri= xOW QwYLt uD@ |Q=Wi Ctw=kt 'C} RmQt R= GwQN V}=Ri= =@ "3
GwQN |=Q@ 'Q[=L |xar=]t QO RmQt R= GQ=N |Q=PoQ=@ |=Q@ xOW KqY= pOt "4

"CU= ?U=vt lJwm |=yC} RmQt R=
uDiQo Q_vQO uwO@ pOt x@ C@Uv |RmQt uwQ@ uDiQo Q_vQO =@ |O=yvW}B pOt "5

"OyO Vy=m �6 x@ �11 R= =Q |rm |=]N Ov=wD|t '|RmQt R= GwQN

"RmQt R= GQ=N |Q=PoQ=@ QO |}=yv VvQm w |Q=Wi Ctw=kt "3 pwOH

|}=yv VvQm |Q=Wi Ctw=kt C} RmQt R= GwQN xvwtv |xQ=tW
�MPa� �mm�

0 0179 57 07 0 1
0 0264 77 1 10 2
0 0247 85 92 20 3
0 0275 111 67 30 4
0 0254 140 5 40 5
0 0272 157 58 50 6
0 023 89 29 0 7
0 0345 125 7 10 8
0 0328 147 95 20 9
0 0335 177 3 30 10
0 0358 191 06 40 11
0 0349 243 96 50 12

xvwtv Q]k x@ C} RmQt R= GwQN C@Uv p@=kt QO |Q=Wi Ctw=kt C@Uv "6 pmW
"(e=D)

|Q=Okt 'RmQt R= GQ=N |Q=PoQ=@ CLD =yxvwtv |t=tD |=Q@ |}=yv VvQm =t= "OQ=O
C@Uv p@=kt QO |Q=Wi Ctw=kt C@Uv Q=Owtv '6 pmW QO "CU= xOw@ C@=F ,=@} QkD
w 0 167 Ct=N[ hrDNt Q=Okt wO |=Q@ (e=D) xvwtv Q]k x@ C} RmQt R= GwQN
'C} RmQt R= GwQN C@Uv V}=Ri= =@ u; j@=]t xm OwW|t xOy=Wt QDt|r}t 0 334
V}=Ri= RmQtsy |Q=Wi Ctw=kt x@ C} RmQt R= GwQN QO |Q=Wi Ctw=kt C@Uv
OwW|t O=H}= QwmPt QDt=Q=B wO u}@ |}x]@=Q uw}UQoQ p}rLD s=Hv= =@ "CU= xDi=}
Qo}Osy x@ '0 0001 R= QDtm |Q=O|vat ?} Q[ =@ |]N CQwYx@ xm �25 |x]@=Q�

%OvDUy xDU@=w
f 0cce
f 0cco

= 1 + 5 e
D

(25)

e=D < 0 5 lJwm |=yC} RmQt R= GwQN |=Q@ 25 |x]@=Q 'p}rO wO x@
%CU}v pw@k p@=k nQR@ |=yC} RmQt R= GwQN |=Q@ w CU= ?U=vt
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="|O=yvW}B |=ypOt xO=iDU= =@ RmQt R= GQ=N |Q=PoQ=@ CLD |=yxvwtv |=]N OYQO "4 pwOH

OYQO Vy=m =]N OYQO uwO@ xOR u}tND |wQ}v =]N OYQO =@ xOR u}tND |wQ}v
Pexp " xvwtv |xQ=tWC} RmQt R= GwQN uDiQo Q_v QO C} RmQt R= GwQN uDiQo Q_vQO

0 7 938 7 938 1008 [16]1
19 5 26 5 668 7 846 909 [16]2
29 32 3 538 3 3 821 795 [16]3

42 4 46 1 411 3 7 734 762 [16]4
45 8 56 2 290 10 4 593 663 [16]5
51 9 60 5 180 8 6 415 455 [16]6

0 12 1 1387 12 1 1387 1577 [16]7
19 2 35 8 930 16 6 1208 1449 [16]8
32 6 43 1 745 10 5 1171 1309 [16]9
41 52 1 567 11 1 1052 1183 [16]10

53 2 53 3 399 0 12 855 856 [16]11
50 7 64 2 248 13 5 598 692 [16]12
48 62 7 149 14 7 341 400 [19]13

29 1 57 7 158 28 6 267 374 [19]14
41 9 77 5 105 35 6 301 467 [19]15

=yCWwv=B
1. Lam
2. Teng
3. strain e�ciency factor
4. strain localization factor
5. situ factor
6. Eid
7. Fam
8. Jiang
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