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Abstract

This paper deals with a constitutive model of particulate-reinforced composites (PRCs) with wea-
kened interfaces, which can describe the evolution of debonding damage, matrix plasticity and
particle effects on deformation and damage. This damage model is based on the Eshelby’s equiva-
lent inclusion method and self-consistent method. It is assumed that the intact particle, the par-
ticle with a weakened interface and matrix are all inclusions of composites. According to the
Eshelby’s micromechanics method, the effective elastic modulus of three-phase composites is es-
timated through a numerical calculation. The influence of particle volume fraction change on the
effective stiffness of particle composites can be predicted during the material damage process.
This article also illustrates the influences of particle volume fraction and size on the stress-strain
relation of composites.
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Figure 1. Schematics of a particulate composite subjected to uniaxial tension: (a) the
initial state; (b) the damaged state
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Figure 2. Different micro-mechanics models of a composite unit

E 2 EaMBARRTHMMENNFRE



Tk %

del, = A -dg,,, =012

e O——34k, 1—— 8Bk, 2——AR Bk, &, — SN

K i G ; .
A:(?Ppapzj, 1=012

A
Il

(1-1')-Ko+ £, K,

G=(1-f') Ky+ £ K,

M)

O]

®)

4)
®)

e (- 1), £ P RRE, EEBRIVIS RS K G MR AWM AR BT DI &
PONAT SR T AR R AE, BT DAALSORORE 55 0 5 44 KL Eshelby sKEA IS, RIS, S,

12
S ==a+—=p4,1i=12 6
i =3%t3h ©)
3K 6(K +2G)
_ L p= 7
%3k +a6" " T 5(3K +40) @
1
oy=————(a-0,+5004 -y -0, + ¢ 1ty Oy +y - 11 - 0, 8
400a(1-v, )
1
py=——{a-0.+ u, (3¢ +2y)-6, )
? 400a(1—v0)2{ el ol
6, =80 + 480v, — 400v2, 6, =(1-2v, )’ (10)
0, =98 +140v, — 501 (11)
0, = 268 —1240v, +1300v (12)
6, =320 —720v, +400v2, 6, =(7-5v,)’ (13)

X a—RRIELR, A, — AR R AL g, — SRR B DR,

PRI T VIEAEAR I 5 24
HR(7)~(13) 1 AR A (@) AT 3kAT S,, S, HIFRIE .

A (1)5E:

dgrlnn_— X _ (7l A2

Ge A A=(RA)

dgrin _ x (7l A2

qe = R (AR
o (Ky=K)a+K -, (G,—G) -4 +G
Ai_(Kl—K)-alJrK’ A (G,-G)-5,+G
_l_(KO—K) a,+K —, (G,-G)-B,+G
AZ_(KZ—K) a, +K' AZ_(GZ—G)-,B,_.+G

v, —— R, @, w—

(14)

(15)

(16)

(17



RA

Aeb: doy, =(doydoy, )+ ey, =(deyder, ) - dey, doy ——NRRN IR, depy,, doy, ——h

BVSAWAL TS
2.22. TSN EEMER THEEAHX R
FET A A A B ABAL,  RURE () R T AR T DL R
E1'd‘~c"r1nn :(1_ fll)LO 'dgr:n + fl' I‘1'dgrlnn + f2 : L2 'dgrfm
1 7 (14) I 2 (18) T 13+

1

R

(1)L foL AL LA
MR B 50 e R A5 -
El : dgr%‘ln = dGmn + O-rlnndfl

Kb G =(3K,2G,), K, G, R0 S5 A0 b BRI DT A

R E A (18) 15
dely, == (do, + o, -df)
C
1 2(19) 2 (20) I 15

del, = ;(do—mn + o, - ;)

in

de?, :%(d% + oy, )

24 5 BEOGORLA A 99 3R R 72 RGN, s B RS SR R A, A X(D)A5:

del = A, -dz,,, i=12

1 1 1 1
A= 1 T A=l T/
—a 1-4 1-a, 1-5
Blde! =de +de .

LAKQD). 2)RALA (1) P RitL -

de’ = M(do—mn +ob,df,)

AL
FIEE dey, = (dey, ey, ) -
3. EAMHNBYEMER
HEMELE R A 5 Z 7T LUE Al
de,, =%do-mn +%a§m -df,

(3K, 2G, ) T E &M ELE A R MRS
(3K,.2G, ) o I S i e i

JI
Il

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

@7)



RA

1 1 1 1

)E0+f El+f E2+fv-E (28)

3 T30 e AR UL P 255 24 3 P A

BT Reuss #Lit, SIAE MR E L 0T LUS R

Arfr: [ =(3K,,2G,) » E:(sKl,zel)
R AR(22). (23)F1(26)75

_i:_l_ _i:_Az_, = = A\/ A/Z (29)
L AL L AL L AL
AN (28)F A 15
pe o
AN(19) 5 H
__(Kl—K)~a1+K
Kl_(KO—K)-alJrK &8
__(Gl—G)~/J’1+G
Gl_(GO—G)~ﬁ1+G (32)
~ N (Ko-K)-g+K o (Ky=K)-a +K
o=(1-1') K+ f,-K, (Kl—K)-a1+K+f2 K, (K. —K) @ +K (33)
_ . .(GO_G)'ﬂH‘G . .(GO_G)'ﬁz"‘G
_(1 f! )G +f-G, (Gl—G)~ﬂ1+G+f2 G, (G.-6) 4, G (34)

AR S AL AL 0] DUA R4 P &2 A R A R i & . A (2)~(3) (14)~(18). (21)~(23). (26)+
(31)~(BHRN A (30) A 15

1. 3(1 )t (Kl—K)-a1+K+f2‘(K0—K)~aZ+K
(Ky—K)-a +K > (K,—K)-a, +K

Kt

35
+f - 2-a,-a .(Kl—K)'a1+K =
" (l-a)(-ay) K
é:i (1—f1|)+fl'(Gl_G).ﬁ1+G+f2.(GO_G)'ﬁ2+G
6o 604G (6 -0) Airc -

2-B,-p, (Gl—G)-,BlJrG}
+f,- .
(1_131)(1_132) G

4. B RER

T UEMIERATIR UKL 55 R S PRI 0 2 s PR AR, JRATT5 RE T B LA 1 SiC Bk 5
Al HE T . BATITRAE Al & 5452 6061-T6, BEARRIMEHERS L 1.

L LARW T E SRR 2 A RO IR R AR o AR SCRISEARIR AR =R R SR
(B 52 BEOBURL AN 5 A7 99 10 TUBURLAS B (9 77 A MEREBOA A B AL, DI A SR AR 2% o BB 46 Mk

RSN £ =02, =20, y=30, DALMY 4 - 0

2(1+v,)




TOLE E

Table 1. Material properties of particle composites
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Figure 3. Relation between effective elastic modulus and void/weakened interface volume fractions
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