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Analysis of Particle-Reinforced Composites Incorporating Cumulative Damage
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1. M E

A2 A3l B3 AE (Particle-reinforced composites)= 578 284 54 ujiTol] tpFst ofel] ZA
AgHa o @ Agase o8 ARA, sAHer Avh HAEHL gtk 55, AR & A
(phase)& 7F2l B4 (heterogeneous) A8 A+ 73} B&dAa o Hdst= AW £4 (debonding
of the matrix-inclusion interface), 8tAle] #& &4 (brittle fracture of the reinforcing inclusions), 7]
el A4 T3 (dutile failure of the matrix) T3 22 thFst &4 WAYUSS JA SFA= 543
Awoll Adet 9aS vxa v} (Nutt and Duva, 1986; Ibrahim et al, 1991; Lloyd, 1991; Tohgo and
Weng, 1994; Drabek and Bohm, 2005). o]2dt E-xbst &AF vAY S| o8 YA A3t g5 384
545 Fotstr] HeEiAe B Ade] Fashd ol W& ARl 875w WS 7 Ak ofo] ¢
2L 733k HEARe 3t EAS At A A 23T F e AR &4 74 Bd Jde] A
g dart qlth

ol  AFoA = At Azt EFAE WA e &S a2 vAE 7)ek '@ 29 (Kim and
Lee, 2009)& A78t1a 3l £3] Kim and Lee (2009)o14= 4AF 23 345 W 434 (reinforced
particle)®} 71X A (matrix) Atele] A4 F4 4 (cumulative damage) 2 71X A A A%
(ductile behavior)& Helgto =M QA 73t BaAme &R As R &4 dF 7hsd nA9s nd

< Ajteton, gdd sAs s Fdsdth
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stzol Alg F7redd wet JAb Zs EFdAR 7AAE g9 gS oy 9o s dHs o]
gt A sl B g AsS 8, T8 Wd st 93 (isotropic strain hardening law)<}t

von-Mises & 710 485 %t}t (Kim and Lee, 2009).

F(0, e")=H(0)— K% ¢")<0 (1)

2} 23 A7) (the square of the deviatoric stress norm),

r’l

3714, H(o)=o0: [, 0

I,= 1_% 1®1 & 43 &9 A 19 #x Fiolv, 19 o & 77 23 &) wlre} 23 el F

S ouEth EE k(o) E 5 A3 FEEAN K(eh)= \/7 o, +n(e? ) FHe A=Y A3t &
F7F AFEHEAIL, b g AR S BRARY] A4 A3t WiARTEs dEbdTh (Ju and Lee, 2000,
2001; Kim and Lee, 2009). A+ 3} E3tAaWe] dA $8 =7] (ensemble averaged current stress
norm) 2 AAIS g4 29 Kim and Lee (2009)o] #HA13] e gl

dAF sk BFAE W AstAet 71AA Abelo] Ao A ] 4 EA4F 5& P A3t BFAR Aol
FEFS vRIth 2 Ao olHE A &2 AstAe] W S Weibull gE E% 3Rl
o3 AujEtar 7Y (Lee, 2001). £3], & Al@dA 2 AW &4 (current damage stage)ol] W& 7
shAle] B &3 2 Weibull parameterd] W3l 1 Fo o]o]x wAlEtE AW £4 (subsequent damage
stage)dl FEFS MAE 74 &4 NES 1HFAH (Kim and Lee, 2009). o]l# st w4 &4s 18 ¢
24 et Bgaa W Aol AAuE g5 2o} (Kim and Lee, 2009).

q>3=<b[1—exp[—[i(sio%k]ﬂl}] . [1—exp{—[ f(%)o—gscf(s);]ﬂoea) 1 ] M”

¢2=Q)[1—exp{—[l(si5)—l‘r]M]]—¢3 (3)

(1)1:(1)751)27(133 (4)

A7, o, v, 0, T A 271 AR AEA A, B AW S 7R 4R A3 (partially

debonded particle), HAW £4ES 7B YA FslA] (completely  debonded  particle) & 9]‘3] 3},

(o, LSy, M= A7 AR Aol WE SH3 Weibull parametersE Wk, (L) =1 e
Sy,

SRtk B (o) & 57F 89 (equivalent stress)2H (0,) = (0 o), ] o Fez na

Sy,
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2 AT A= Kim and Lee (2009)el o3l A7lE +4 &5 183 gad 2ds S8 gddd 74

o] FRHN T EF A WE AF A4S 98 v &4 wgd e A (parametric study)

15 Sall FAHAT FAMAS Ff A3 7IAA Ato]l Al A EAF 9 71A] A9

J A o HAE AE - 7IA A A Y] A8 AEY SHAE
3] S d5T F otk TS Alekd vH &

Aal s mde o=7tS A A7 (Papazian and Adler, 1990; Llorca et al, 1991) &3} B3}

LS,
W, Aok mdlo] YA BYAR FA £ waY maEd ATF A2 & 7 AUk AR 57
2

rﬂ

a4 299 4

Ao E A2 st HEAE WellAe] &4 e mAYgst Jdk gAY EE (Kim and Lee,
2009)¢] 7R Avh Kim and Lee (2009)0l4 = 42 73t 5359 ghaad 2dS s Aol 7144
Ate] Aol A o] FA &4 B 7| A AN AT nHEEtdon, FAEHAS 8] AetE AR o
7S o A¥F (Llorca et al, 191)3F Hlwstdn), &% 2 Ao A= parametric studyE ¥ 33+ ¥4
HeEE ASehe Oods A4S A Aol

#Ate| =2

B o= /\H]—E ARSI A A E 2 5E A8 A5H] [R11-2002-101-02003 (2009)1€F A] 4] 74 A -
2 AREANATFAETL [T 7N HAI[2008-F-044-01, AAa}, &8 2 AE 838 Mk A3
AR IT &3 271 E]e] dstoz st on, ofd] A=Yt
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