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PLASTIC BEHAVIOUR OF FIBRE-REINFORCED COMPOSITES 
AND FRACTURE EFFECTS 

K. HERRMANN (PADERBORN) and I. M. MIHOVSKY (SOFIA)(*)

The work deals with the problem of longitudinal extension of a unidirectionally reinforced 
brittle ' fibres-ductile matrix composite. A model of ·the·- plastic deformation process is 
proposed with regard to a unit cell· of the composite. The model accounts in an essential 
way for the matrix ductility and reveals the nature of the possible ml!Chanism� of failure 
of the fibre-matrix interface. The model implies a relatively simple general scheme of analysis 
of the entire prohlem including. in particular. the determination of the current plastic 
zone size, the stress-strain curve for the considered composite as well as the important 
measure of a limiting elastic response of the matrix phase. The detailed solution of the 
problem associated with the proposed model is shown to require simple numerical calculations. 
However, certain important results _are obtained in a closed form. 

l. INTRODUCTION

The plastic behaviour of fibre-reinforced composites has been for long · 
the subject of numerous investigations. A number of approaches to the problem 
have been developed in the works of R. HILL [1, 2], A. J. M. SPENCER 
[3, 4], J. I. MULHERN et al, [5, 6], R. F. THOMASON [7], G. J. DVORAK 
et al. [8, 9], I. M. KOPJOV and A. S. OvcINSKJJ [10], M. R. PIGGOTT [11]. 
An extensive review of progress in this field is given by G. A. COOPER 
and M. R. PIGGOTT in [12]. Although the existing approaches account in 
different ways for the effects of fibre-reinforcement on the appearance 
and development of the plastic deformation and fracture processes in the 
composite materials, they focus generally attention on the strengthening 
effect of the fibres. But as known the fibres act at the same time as 
stress and strain concentrators as well and thus an attempt to a more 
precise account for the ·concentration effect of the fibres appears to be 
of obvious interest especially from the point of view ,of the fracture 
behaviour of the composites. Such an attempt forms the matter of the present 
work 
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PE310ME 

ITJIACT.fl'!HOCTh KOMITO31ffOB APM.f!POBAHHh!X BOJIOKHAM.fl .fl RBJIEH.f!R 
PA3PYlIIEH.f!R 

Pa6orn IIOCB:muemi. npo6neMe npo,11;0JihHOro pacnra:enm1 O)lHonanpaBJieHHO apMHpOBaHHoro 
KOMII03I-1Ta C X.pyllKHMH BOJIOKHaMH H paCTfilCHMOii: aTpttueii. ITpe)];JIO)KeHa MO)leJih rrpouecca 
II JiaCTH'leCKHX ,n;e4>opMaD.Hii ITO OTHOIIieHHIO K e)lHHH'IHOii xlleii:Ke KOMII03HTa. Mo,n;enh BOC­
rrpOH3B0)lHT B npHHUime paCTX)KHMOCTh MaTpHIU>I H BhUIBJIXeT cyrn;HOCTh B03M0)1(HhIX Mexa­
HH3MOB pa3pyrneum1 Ha rpamui; Me)K)ly MaTpHUeii If BOJIOKHOM. Mo)le.llh npHBO)lHT TO)Ke 
K CTpaBHHTeJibHO rrpoCTOii cxeMe aHaJIH3a, u;enoii: npo6JieMbl, Y'IHTbIBaX B 'laCTHOCTH orrpe)le� 
JieHtte rpaum:i; rr.nacTIJ'lecKoii o6nacUI, KpHeoii HaIIpS1)Kem1e-,n;elpopMau;m1 )lJIH paccMaTpH»aeMoro 
KOMil03HTa, Kru< H YCTaHOBJieHHJI cyIUecTBeHHoH Mephl rrpe)leJihHOii: ynpyro:ii perucl.UiH Ma.TPHUhI. 
IloKa3aHo, �ITO ,n;eTaJihHble petiI.eHHSI, CBS13aHHbie C npe)lJiaraeMOii MO)].eJibIO, Tpe6y10T npOCTbIX 

''IHCJieHHhIX pac'leTOB. HeKOTOpbie cyiuecTBeHHble proyJibTaThl AOilYCKaIOT O,!l.HaKO aHaJJHTil­
'leCKoro npeACTaenemrn. 

STRESZCZENIE 

PLASTYCZNOSC KOMPOZYT◊W ZBROJONYCH WL◊KNAMI I ZJAWISKA 
PljKANIA 

Praca poSwi(;cona jest problemowi rozci&ganfa podluZnego jednokierunkowo zbrojonego 
kompozytu o kruchych wt6knach i ci&gliwej matrycy. Zaproponowano model procesu od-
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kształceń plastycznych w odpiesieniu do pojedynczej komórki kompozytu. Model oddaje 
zasadniczo ciągliwość matrycy i wyjawia istotę możliwych mechanizmów zniszczenia na 
granicy między matrycą a włóknem. Model prowadzi również do stosunkowo prostego 
schematu analizy całego problemu uwzględniając w szczególności określenie granic obszaru 
plastycznego, krzywej naprężen_ie----odkształcenie dla rozważanego kompozytu jak i usialenie 
istotnej miary granicznej reakcji sprężystej matrycy. Pokazano, .że. szczegółowe rozwiązania 
związane z zaproponowanym modelem wymagają prostych obliczeń numerycznych. Pewne 
istotne wyniki udało się nawet uzyskać w postaci zamkniętej. 
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