% 32 % % 3P /R - B Vol. 32, No.3
2000 £ 5 A ACTA MECHANICA SINICA May, 2000

AT HE 3R 8 A R R AR 78 O S A L

BHRE MEFt KA Bt BEX
*(hER R HFEHIHT LNM, dLE 100080)
HEREA A RRNS KBS HL, WM 110006)
ORIEREHNBESTHR, M 110006)

WNE A MHREREBATEF MFPA® R4, B TES SNBSS SHH 0BT
B PEY, XTESAORESRmE, SESEANRE. RERB LRI EORENESE
B ERMHEEEMASARANER, SERLBR TEFERERAHNNER,. BiF
248, ARAEHLASHEFARBARANMYE, VRAZBAERTE.

XMW HAHH, SHME, EYySE, BR, REBH

5"

EARNBESHHNBERD, —MEZENAERELATRAEHERNZT 46
HEERBEMEROERN. BRSEEIFEFRTAROFRIAE. W Tyl IR THE
FEAFHBPLOTARET RN BHAHHBENY M.  Pacella Ml Erdoganl® & T & H
mEEERETENPONKRANEABUE—ETERANER. HEESPHRATR
HEMBREMELAAHHHARNBURR S ERMEE. RUE% W AFARDEHEHRT
54T e 3 A AR SR R ST IR B S

ERARAAHMNT, SRS ARSHARAZGZANTHEHNFAEEUMFEESR
EOMELER, ESBERERRABREEABRANIBRZABRERIERER. EHit, FRE
HAEHGHHNE. AUERARSAIERARHNEE. dTHEIRHMT LOEEE, &XERH
REFEEHEF RO NBIRTRE M MFPA? R4 B0 B HESENFEFARYES
HEHAGHHRPHHE, FREZEBAZATEN SR, FAMARTESEEHORE,. B
HRBUN BRI SR TRAEERNER. RUSEREATX - T RERRTHBMES
PRBIR T RIEREH .

1 MERURE

1.1 #ERFiSE MFPA®P it

At HHLRRLNENE SR ERNRIIBEANER LY~ M AR, A
ABRREZNTANE SHEMNTHE, BaMREHRNBETRR—MToExMAE, BF
ZRHBFRA. WRAEERE, FEKHR. FE BRAXALNROBEFSE. HTFRAH
BUERX, ESHMRARRANERE, BT E—-IMXREREAHMHERERS RO REE

1998-04-16 & HE—MW, 1998-10-05 )43 B HN.
1) EREHRENFEES (59472018) RPBAMER I FMERUEEN RN LFRELREXSHHTA.




374 h ¥ ¥ £ 2000 ¥ W 32 B

H TR R AR EE, —HRANTSXOMEE. BRI NEAHS SRR
BRSO RERRET TR EHNER, AXFHERL.

AXFHA MFPA® R, B— MBI ESNBEONMML TR SHECANE
Wi R % (Progressive Failure/Fracture/Damage Model) —# [7), MFPA?P S E®Wm A A E M
B NASFABEFEST. RPN SARAARTEHRT. BRI NEARE OB E
NERBAVHPESARTER. MEFRTUKEARNESERL (34K MRIEER (4
HEM) MMERTEE. ATHREIZRIAMENE, RABMKSIX. S TE-FHED
rENE, HEHTHEAAE. REREZBICEVERERANPRTIRLF AT WREF,
fEMM—T O BHE, HTTF—PNIE. NRABIFLT, WHRE R THREWRITR
SHTRIMRALE. REEFAITINPON Y. BHE AR, BEEEIMHMEEEE
RER. FRIAAXZHAREVHNHANBEREPTHESRE, AREAXRBATEEENES
(Coulomb) XMW (f2& MR B Tension cut-offt®)) f b MTRIR A BMAERIIE. HIEX MW,
BUMBEFTREEFETRERNE. RSB, WEKENMNFRTSAELSEDOHF
RTAAEE.

1.2 MEE
BHENBREAHNNFHAERE, HABEFR -8, RIBEERA. nHFEREL, &R
HEHY. AXFRNESENSELIHH, B—HRSHE, FPNHEREENESHS.
IS N ST AP RAMBE DA RMONRR LR, SEES S NOBRTTE.
EXFNESEEAHET, SEAZRERSE, NMTRESHBRFH MR, X X%
RBESEME N EEORR. Y THRS
MR EAHNRENENROES, 3
TT=Z=4MFRENRN. KRV I HAFTHE
MESHS, RE I NFES5E4ARAEAR
REELD 3 RB I WG5S EGMER
ERBELD 6. B, BB I 8957 % LM
B pAgE, EorEEEadEL. A
FRMNZES T, MEFZAGRBEH. &R
NREME 1 A R 100mmx 100 mm, $)4%

200x200=40000 T~ ¥ EBRT. AR T
Bl X48% (RY% 100 mmx 100 mm, & 40000 4

WEBESREMT, Beh T8 E e A A)
Fig.1 Matrix model (model size is 100 mm x 100 mm.
There are 40 000 same sized elements [ the model. The
gray color represents the values of the element strength

PIRARRERHBENBEMEFE LR
HEARHWR, FHERGTESEFAZFHED
il (NTHEBRAMMOWR, BEFGXAE
Wi HXFitie). BENEAT LSS
HH, mEENREREESSEN. B8

WEHTHBELBERTHHFESH (MBE. RRT) RAHHARIBREE, EHLBH
RS JLOURR (5, 6] A SCHERY 1 RIM Gk 9 MBURISE E S 5 O LWL T LE 1 R, M 1
KEHERRTSHEMA D HPRKEHRRIAORXATHMARRBES KN/ DK

2 MUMKERS S

EHRERLBAMBRERAEANE 2 R BIAESHEENNAINRG SERN



f3IW LRSS I R 2 SRzt TNvE- ) g g 375

XRME. BMUGREY, RN IGTRARINENDTE, FibR R 0H0H B ORISR
. BRI MR - XRHREN, dTFFEOmMA, RGN SR, BRI b8
DIMREREFAAFTRARENOTERTIR. X—KETLLELE 2 FIRORAY REE

; I R S AT
W ey & " Iy
4 ; e s FL M - o

i C NIRRT, | L T

Model 1 Model 11

H2 =HADTNARMREORNENER (K FNMDR)
Fig.2 The failure modes of three different models simulated by MFPA?P (loaded horizontally by tension)
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Fig.4 Failure process of short fiber enforced material simulated’ by MFPA?P (loaded horizontally by tension)
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NUMERICAL SIMULATION OF FAILURE PROCESS IN SHORT
FIBER REINFORCED COMPOSITE MATERIALY
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Abstract In short fiber reinforced composite material, the mechanical interactions between fiber
and fiber or fiber and matrix becomes very complicated due to fiber discontinuity. This interaction
has a great influence on' the centralization of deformation, the process of failure, and the properties
of macro-strength and toughness of the material. Therefore, it is important to study the macro-
and meso-deformation behavior and failure process in short fiber reinforced composite materials.
To overcome the difficulties in analytical model studies, a numerical code, MFPA?P (Material
Failure Process Analysis), developed recently by CRISR, Northeastern University, China, is used to
investigate the failure process in the fiber reinforced composite materials. In this way, the influence
of fiber and matrix strength on the macro-strength of the composite material is addressed. Three
kinds of models are simulated with Model I containing no fibers, Model II containing fibers with
their elastic modulus and strength three times larger than the matrix, and Model III containing
fibers with elastic modulus and strength six times larger than the matrix.

In the models, the matrix is assumed heterogeneous and brittle and fiber is ideal elasto-plastic.
Heterogeneity in strength and elastic modulus in the matrix is accounted for by assuming a Weibull
distribution. ‘

Here we show by numerical simulations that for heterogeneous and brittle materials, the ratio
of elastic modulus and strength of fibers and its plastic behavior have a great influence on the
macro-strength and toughness of the fiber enforced composite materials. The deformation and
failure process leading to unstable breakdown since the initiation of micro cracks, the propagation
and the coalescence between cracks are modeled. A great many phenomena, such as crack stop
and fiber bridge function, are demonstrated in the simulations.
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