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RE BNEREAHNTEGEBRGEANMRE ™R ERER. X GES M
BN EEN NSO HTTH, FaMHARNNEEG BN ETENRD
WRRAE . WHERER, EFWNRIERTEE, BHEENERNRES TR
SHRUBE AL NE, BT ARGEREN FHEHEHLLENY. HENFSEAE
FRUEFAAAFE EEAREEFHEADREERAENK, EHERGIIRNMBENES
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RERIBEENERA RIFRBEIGSRNFREHAH, E3BEEENAA L
BRENATHERRAR DA MREERTR. CHWRERY, SITIEdRLS
PN HE LR R, Blin. BN FHIIMA KBRS TH R, B
RIRIBE R s BT M. BEE R 7T R o 3RS SR AL S B BUS, R84
RIER . ARS8 2 50 3 SEBLX — B 4R iy W] BEdE.

CHBRELAERY, MRS RENEEREI R EMRIERBRAIE S,
HRXBHARZEROBGILE EAER) SHELE HREFKREREFDHE. R~
Z, HIRFEEHRGILE (MRS TR) BEXSMAEH, e fRa. fitiEARg
FHEABN RS ACESH RIS, SHERETEA R+ SHREGE X
RN J1op A, FESEN T SREAEXNIAE, DR R F wE R XN 476 B ma,
HE— IR EN SRR X R,

1 BMASHOBEITE

AKX A BTk it R AN 6. HHEREFREFEREEREK
X RR KR A R AR A BRI U B 1) A 1/4 RTENE=/AR
LML, ARt 486 1 HST, 2 AT R REBRILSEEN 2. MERFURE
BRI S AT EES, WA 1) Fiafa#iTay. BEdrEr=1, B
HERE L=2r, ATEBERTE IMORIEN T P EARSREA M A, HE Z
FRZAHSMBmE. BTN MR, RTEBURTH ORSN T 1E 43 Hr
WE. BEMRTEAREME, SN BFREEDL.
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1(a) ShXIHARTIHEERY
Fig.1(a) Axisymmetric finite element
model (with interfacial layer)

B 1(b) Bl ¥R MR T Mk R4
Fig.1(b) Axisymmetric finite
element mesh

EAEZEBRAAHNAFE DRAAHEGRER V, =0, itEF AR — RN FEHE
R, DURBMRIEN 7 &P BN REN T REAR, FHkBEHEMNGER .
MHRSEERE L EERUERAEMROEES, % B ARIGENTHAH,
EAHKXMMER, RERAHMEE N=5#88%EHN Ep:E :E/=35:1:005 =
FHIAMM LBUA vpivy,:wr=0.23 : 0.40 : 0.48.

IRMBEEYE, BHERISMHZ N, G EEREESH FEKR
K. A, BarE4BER=FMERX. HEETESERPERRBRERE R ERSEN
REHERN 7 o, SBURLGEIEMBA TN 0¥ PR 5 H 4k 8 IR HE X 5 3N
H o HFESEEEN, ZHNIBRXEMANEK, HoE G HE
PROERBIR SRR 5 FHhr.

2 FTRAEEMBPEHIE

EREEBRESNEHL/NEAT LR, ATEAFRHERLE. R FRIEHR

ERV, H30% HHEBIRI RE2HNGR.

x1
Table 1
Ep/Em 20/1 5/1 2/1 0.5/1 0.2/1 0.05/1
Vo /Um 0.23/0.40 0.40/0.40  0.40/0.40 0.40/0.40 0.48/0.40 0.48/0.40
Ec/Em 2.17 1.66 1.25 0.84 0.73 0.65
*x 2
Table 2
Eyp/Em 20/1 5/1 2/1 0.5/1 0.2/1 0.05/1

(00 /00 )max(r, 8) | 2.16(0.78,88°) 1.81(0.78,88°) 1.37(0.78,88°) 0.65(0.78,83°) 0.514(0.78,77°) 0.316(0.78,48°)
(0e/00)max(r,0) | 1.81(1.0,88°) 1.56(1.0,88°) 1.25(1.0,88°) 1.34(0.78,8°) 1.57(0.78,8°)  1.97(0.78,8°)
(01/00)max(r, 8) | 2.22(0.83,88°) 1.88(1.0,88°) 1.41(1.0,88°) 1.43(0.78,8°) 1.74(0.78,8°)  2.33(0.78,8°)
E:on0 EXSEEL
See Fig.1 for the definition of r, 6.

EIAHESHR A AEBMN FIRERRML. Hb B YR SMERH RE
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R ABARSRKFRARK. X 2HHEAN T RAERN FREERAL, UEH (r0)
PR RN B, K o) REEFREERNS. o, o1 FHAEHNS
BE1ENS, oo AFAERITIEL 0. 8-F1E.

MNE2 FHB|ES, ENTRIERTEBKHELT, oo, o, oo HERXEMT
RFRETTE. BEERTFRBEK, (02)max & (01)max AT (0)max HIE R 5
K, RPN FESTHRA BB AR T RS HAOMB . BT YRR,
BEE R TRIBEBAD, (00 max HBRI TR, (01)max, (0e)max KBERE, IEKRER
A IR SR SOK BB BURIR R TR, RO EZM AN W8N oA B AT
BH, oo Ro. MEREHRAENTRES W, XSLBARE—BH. Agon F
AFESCHR [5] FRREfRH, TR FIOBEMRERN FREBUHEABRIE.

3 ERAEMBPEISH

HEREERA—ERN, WHRETRNETFSEGATHEAERIENS 3 H

KIFfE. SR TARTEIN 30% M TARMEHESEOMRITEBIILUTER.

* 3
Table 3
§/d 0 0.01 0.02 0.03 0.05
Vr 0 1.8 3.8 5.8 10
E./En 2.27 1.58 1.38 1.25 1.06
Ve 0.337 0.379 0.385 0.390 0.394

EIPHHEMBKER, ARKSREEENXRERE. K, sAREEER, J
AkitE, Vi AREHNGRESSE, E, v. FHAESHHER KL,
En AZGHHKEE.

B2—H7oiahEREMAMRTPRRANST o, BRENH o0 RERNT
oo EEGANFHLE, FESATHFEUANERMELE. GETR, REFERX
on EWAK, BERET o1 Ko IFHFHR, KLU o HEWENHE.

RAPIHMNTFARREGEREEFETEEHR S o), 0 & o1 KIBKME,
FRBRE (r,0) IRHBRKNAFEMALE. AEPBEED, BINT Vi=01 o
B, HRBANHEYE TR FRX G HEEREL. o) Ko NEXKERAE
BEEZAAK, BEBERNE, #ORERER (6/d=0.01) AT o, KB KEN
BHK, BZEMEREEENMMRER.

x4
Table 4
Vi(%) (03/90)max(r,6) (0e/00)max(r, 6) (01/90)max(r, 6)
0 2.23(0.783, 88°) 1.86(1.0, 88°) 2.26(0.783, 83°)
1.8 2.29(0.803, 83°) 2.34(0.803, 88°) 2.30(0.803, 83°)
3.8 2.22(0.822, 83°) 2.60(0.822, 88°) 2.22(0.822, 83°)
5.8 2.13(0.838, 83°) 2.72(0.838, 88°) 2.13(0.838, 83°)
10 1.93(0.872, 83°) 2.83(0.872, 88°) 1.93(0.872, 83°)

T:rno IXSFAL
See Fig.1 for the definition of r, 6.
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Fig.2 Contours of constant o5 /og
(without interfacial layer)
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Fig.6 Contours of constant o, /oo
(without interfacial layer)
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Fig.3 Contours of constant oy, /oo
(with interfacial layer)
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Fig.5 Contours of constant o1/0g
(with interfacial layer)
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Fig.7 Contours of constant g./oo
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BRI RS SAR P N A R E T A REY, AR HEREATHEL T,
FUHNTHAEAMMAFBRANEGER SRR B, Bl R 7R
FR WS TR, HHTARUTREAHERNESBEO TR, Z&EHE
PLSZELAARBREI I B AR BB RIBE RN 7, BN TRIBEHEA, ROETEF
PEREFRSHINATBTEARER, XX RBRATE.

HEERBEHEAR TS EARNFERERETRE, #REE B4 8RR
WS AR B AEENETEE XRBKREMEFRNEIMYS5HE K
R A S 2 R B NI R BE AT IR TR RO BT AR SE LA R SR AL B R BB R
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A FINITE-ELEMENT ANALYSIS OF TOUGHENING
AND REINFORCING EFFECTS ON
PARTICLE-FILLED MATERIALS

Lu Sinien Zhang Rui
{(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China )

Abstract The microscopic stress distribution in particle-filled material is studied by
axisymmetric finite-element method. In this work, the second-phase particle in the form
of spheres is modelled as elastic with or without a ducticle interphase between matrix and
inclusion. Detail parametric analysis of the effects of the Young’s modulus of particles and
the thickness of interfacial layer on the stress distribution are discussed.

The results of numerical calculation indicate that debonding has a strong teandency
to be initiated when the rigidity of particle is higher than that of the matrix. Thus the
toughness of material is difficult to be enhanced. But if this rigid particle is coated with a
ducticle layer, the stress field in the matrix will be strongly affected. As the result, matrix
yielding becomes the dominant mode of microdamage. Then both the toughening effect and

the reinforcing effect on the particle-filled material can be improved.

Key words stress analysis, microdamage, toughening, reinforcing



