
-

]E#;7JqT.:tGo ~1*6"1~:~±, 1f~jjlifiJU'ti Cijkl ~i~O)~{*iJ"G~ili~tLGo 

(O"ij) = cijkl \E€l k~ (1.3) 

"Ji~, fj!1tifj{ij-O)~{iffi~?8'ti~1~Gt::66~:~±, (1.1) c (1.2) O)f:lt:J{t0)7°P--l:A~{f.f'l, 

(1.3) tO"G Cijkl ~1~G£,~7J{c!0Gt 1 o ~J!TG c 2:.0)7°P--l:A~±M.!f~:J!.:tG7J{, ~~~±fj!~ 

'1:, T~~:1TVftG.I"'(~'1:2!0Go 2:.0):1TJ1}J[~, ~~{tH:1T"J ") ;t '1:~±, fj!1tifj{ij-pq:g:~O) O"ij(Xi) C 

Sij(xi) ~B"J1it~=f~t~L'l.B<£,~7J{ci0Go *lfO)§lJ~±, ~{t\:~lO)Jli{W-'1:, ff,f.~~U~:Jti]G2:.c 

tj, <, 2:.0):1TJ11l~1T"J 2:. c l:ci0Go Jf:O)f-:66, }Jr~:7F~tLG*!51U±~~B"J~~1PJm;jjt~1#-0fj! 

1tift{4~: ~l]E ~ n 'lv\ Go 1± § T/'( ~ 2:. c ~±, 2:. 2:. '1: ffl v\ G ftG v\ < -07,)'-0)ft;(£~?8 2!0 G v\ ~±5!ii{t 

*ifjO)~{PJ%~:k~±$iif.tv\ift{47' 1 7~*~*1 L, 7cn~±~1£T G1l1tift{40)f~-0~~ij,~~'ti~--t7t 

~: 11}~ '1: ~ G 2:. c '1: 2!0 G o 

1f~j]tj, .:c 7 Jv ~ ijji1it[~:--t G t:: 66 ~:, /F:lt:J~ifj{ij-0) 7' 1 7°~ 5-0 ~:Jt~t J: ") t2 o m~O) 7' 1 7°~± 

Jm1Jt0)~~ ~:.B ~t G*i!fJMfJ;l~U:{t~~ ftG o ~4 O)*i!f~ ~±~:1J'ti""C'cl0 ~, .f:n:C';ttO)*i!fa'1l ~±.f:n 

:C';ttO) *! ~ 0) ®::11 13L c $111M~'!~~ 1# 0 'l v \Go 2:. n ~± 1 -0 0) if§ tO" G tj, G ~ 0) '1:, 5 -0 2!0 ~ 7' 1 7° 

~:.Bv\'l!ll~, 1 '00)if§7J'-G'Ij,G ~O)l:ci0Go 2'0§0)7'17°~±, 2'02!0Gv\~±.f:nW-__tO)i") 

t:: < ~tj, 0 t::if§iJ{Jlff.%6"1 ~:Jt:;fll L, 7c.:. ~: ~±, if§~ it::<'' J: ") tj, Woo 0) IR5J!J7J{-c- ~ tj, v\7 -7. -c-

2!0 Go 2:. ") v\ 0 t::fj!1tift{4~±1!:Jii~ift{4 c !Pf~;i'ttG o 2:. 0) 7' 1 7°'1: 2!0 G tO" c~ ") tO"O)*U]E~: 1m L 'l ~± 

if.JC~t~.WIHt--9/'(~ t!.0 ") o 

J~ ~ 0) 3 -0 ~i~p1jt~:§i!i{J;J_ L 'lv\ Go 2:. n G 3-0 ~±7 r 1) y 7 A c !Pf~i'ttG:lt:J~O)~l{*il{J;j(~:k, 

t±~:k, fftJI~:kO)J'r;(f!JW ~= J: 0'l1m5m ~ n -c "\Go .:. n G 3 -0 O)~Jm,¢.U±, 1r1£!JW ~±1fiPi{*O)iJiti 

~ffijij,~ll c J!~ L ") G c v\ ") 2:. c '1:2!0 Go ~ -1? 0/v, 1fiPi1*%~:k c L 'l ~±, 2:. O)ij;t:J!~ffijij,#}rf?i~: ~ ~ 

frJ ~: v\ < -0 ~ O)~I\J'g7J{c!0 Go LiJ" L ij,i,){ G, 2:. O)ij;t:J!~ffij ~~1t.:. .f:iJ{j(~~~~ 0)'1:2!0 Go ~-lf~ 

G ~i-, v\ < "JiJ'-O)if§iJ" G tj, Gift{4~:.Bv\'l, %~:k~{t7J{~ t, f#~:iJ~B"J'Ij,f~r~:k!~~:~ Lt.: c ~ 

~: ~±, J5.K~:k, t±~:k, fftJI ;jj\ 0) ") -1? 0) 1 -0 ~: £, T tj, G tO" G '1: 2!0 Go 

*Ir-e-~±, 5 '00)fj!1tift{40)~*B"Jij,%J&~t~~tLJ: --J o J: ~ ~~B"Jij,%;jjt~:"Jv\'l~±, ::.n 
G 0)~*%0)v\ < -0tO"~*Jlh-1tb-lt G 2:. c l:£(~7J{PT"~l:c!0 Go ~ ~ tj, < ~i', Jf:O) J: ") ~:EJ!i?t~± 

115J!J ~:1Jkb ;tttj, ~tn~i'ij, G tj, v\o fj!1tift{4 ~ ~ G ~: ~--0 < ~ c Jt~t G ~ G ~i-, ~0) J:-) ~=7t~t 

G 2:. c i,){PJ"~-c- 2!0 0 -) o (1) 1 -0 tj, v\ L ~± 2 -0 O)ft;(£~?8 c 7 r 1) y 7 A tO" G tj, G ~ 0) (2) .:C n 
W-71-o 2:. 0) ~~ 0 < ~ L f_:}t~Jil: ~±, ~;f)] 0) ~f ") ~:)'[; ~:Jffi.l"'(f_: 3 '0 0))}~ (J5.K~:J(, {_±~:}(, ~}j~jt) 

~-Ei lvl:v\ Go ~ -c, w..~~~±, 1r1E!JW ~-Eiu 7' 1 7°0)1Jl1tift{3\-0)~frffiij,!JW'ti ~1~G t::660)J£;t\;1t 

~:"Jv\'l Jffi/'(G 2:. c ~: L J: ") o 

v\i, J!P;j(O)c!0Gift{4ffi~±, 1 -0~±7 r 1) Y 7 A, ~ ") 1 -0~±1r1£~?87J'-Gij,G J:-) ~~O)'"C'2!6 

Go c~-1? G ~:lt:J~~:1J'l~c LJ: ") o 2:.;ttGO)lfJJVt~U~±, 1r1fttm~:.Bv\'l~± 

(1.4) 

t1 g.H"'R%if't;f40)7-.A~:'l, 1Lt;fliJZ;l:SJ~:-::>v•'l[P];tlO)J£;}tiQ~cl;~o Cowin[2.1] ~~~~0).::_ Co 
t2 wU± : /f;l:SJJi~t;f4ti:fiifif't;f4-c' b &; ~ o JJii:~O)=.. .::r. 7 ~ 7-. ~J~i"~ <, t~i;-~: J:-==> 'l1~v·5t~t'lv•.Qo 



(1.6) 

c ~ ~ o .::.:: -c-, RVE 1*1 ~: Vn <7)1*~ ~ 't-::) N 1lr!l O)frtE~ioiJ" 0 ~ ~ , frtE!IWJ .I2J_j}<7)1*lJH± V -

"L:=1 Vn ~: J: -J "t"l} X. 0 h~ o (1.5) ii" 0 (1.6) ~±~<7) J: -) ~:If~ ii" X.~.:: c 16{-c- ~ ~ o 

(1. 7) 

(1.9) 

c!f~t~o .::<7)):\:~±::k~li~~;A;-c-~~o ~1iffirm1Utl:~~1rffi-9~t.:oo~:~±. (1.9) <7):1:JjZHi~3JJ[<7) 

frtE!IWJI*JO));t}J · 0-f]j.O)~{rffii,){£~-c-~~o (1.9) O)ijl:f:H± Russel c Acrivos[2.2] ~: J: ~ 't 

<7)-c-~~0 

~~: (1.9) ~:fM} L l"$?f-*t3~ir1J~EH:-::)v\l"~ X. ~o .:: tU±~mH:::k ~ ~7 r 1) :; 7 7- pg 

~:1JJtll. Lt.:frtE!IWJ ~:1§~-9~ o $7t-*~ir1J~EI-, T~ b't, ~~JH:::k ~ ~~hi~:MJl.-9 ~ 11'-tE!IWJ 

O)rp~~~±. Jgif-fJT~ n~M~ii{*lir1t{-H:J:t.r-(l"+%~:'J" ~ < ~ < --c ~±~ 0 ~"\ c v\ -J ~1tt~fiiillt.: 
¢ ~ v\o L ii" L ~16{ 0, .:: <7) .:c T''Jv1t<7)~i!JJ1.89fti9K~±;fr1lt ~:Jtif.rl!-c-, -*J!:-=fiJ{'J" ~ < 1f. v\ ~= Jiln --c 
v\ hLf, 1§1f.<7)=f7~~±~;fl-c- ~ ~ c v\-) .:: c -c-~ ~ o L f_:i,){ -J l", RVE <7)::7( ~ ~ ~± rp~~~: ~± ~ 

0 ~l.t\o 

-tt-lvl!Jf~%~~~t ~$?t-*~ir1t;f4~: (1.9) ~~ffl L J: -J o -9 ~ c 

2p,(cij) = 2P,rn (cij) + ~ i, (>..JJijE:kk + 2p,Jcij - Arn8ijE:kk - 2P,rnE:ij )dv (1.10) 

c~~o .::.::-c- (1.4) iJ{fflv\0n, (cij) ~±.lf:itg-lt!vl!Jfll'-9#-c-~~o Eshelby[2.3] ~±~~lH*~: 



C?n~o 

~frffiiMJU'ti Cijkz ~i (1.3) .B J: rY (1.17) t L -c:@: ~t ~ .::. t ir~b n"-::> t.=o (1.9) t 1W- t.= J: -) ~ 

x. :f-. Jv .::¥'- 5t'h{~1£~ l"~i{~ ~ n~ 1lir;ft~lEH: ~ffll" ~ ~ o :C (J).::. t ~ ~T t.= &>J ~:, (1.9) t 
(cij) c ~lHtirb--1±- ~ c ~(J)s;\; ~1~~ o 

(1.18) 

(1.18) ~:;Bv~-c, @fl?tOOii(J)~*~JJ{~i~(J)J:-) ~=-~t~o 

\ fit CI'JklCkl (Cij) 

(1.19) 

(1.20) 

l"cb~o u?j ~i1lir;f,t;JE!--t~-c'h{7 r 1):; 7 A;ftJ¥4--c'--c'~ 'lv•~ c ~ (J)~1f~pg(J)J;i):/:H:MM)-t 
~0 (1.18) t (1.19) ~{Y!-J t 

(1.21) 

c ~ ~ o .::. .::. -c' (cij) ~i s?j -c'[l ~ 1~ .:{_ C? n -c ;13 ~ , .::. n ~i 7 r 1) :; 7 A (J) J;. n" C? ~ ~ c ~ (J) (} 

fJ;.l"cb~o it.= Uo ~i-f:(J)~~:i&.Zt?n~x.:;f-.Jv.:¥'--c'cb~o (1.17) ~ (1.21) (J)tc.:i2H:[I~ 

1~.Z, :ti:i2H:~i7f'7 A(J)9ff'/tiJ£Jll!~~ffl-t ~ t, Eshelby (J)s;\; (1 ~-4.26) ~ N {IQI(J)~1f~m~: 

~fflLt.:<b(J)'h{1~C?n~o (1.21) ~i~frffiiMJU•ti~iflli't~t.:&>J~:~tJ)~s;\;-c'cb~o (1.21) (J)~{iffi 

~= ~i~1£~mpg (J)j;i)}J t (}f J;.)t$t!~t'h{£,~-c' &0 ~ o (1.21) ~i Eshelby (J)s;\; (1 ~-4.25, 4.26) 

c ~frffil"~icb ~ 'h{, IJZ:J:ey{~~ e:~~15i ~ v•)t Eshelby (J)s;\;(J) ~i-) 'h{ J: ~ l!fjJ!Ht9-c'cb ~ o 0 i ~, 

Eshelby (J)s;\;~iJt~~fliJ;fJ)j!ij.(J)IjZ:i:ey{~7oD--tA -c'~i~ <, J: ~ l!fJIB"J~5$'[1:JJI!~~(J)-c'cb~o 

.::(J)iiiJl"~i, 7 r 1J:; 7 A t~~~5-''tiJ£~~1~-JJ;Jt~x~1f~(J)$7f**lirtt3f4v:.B~t~~1iffi 

--1±-lv~5$'ti$~~lli-t ~0 


	2.1_28p-2
	2.1_29p-2
	2.1_31p-2

