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ABSTRACT

Compatibility of the fibers and matrix is of great importance to achieve good mechanical properties of
composite. The interfacial shear strength (IFSS) is often used to characterize this compatibility by a
number of direct methods on micro-scale level [1] (e.g. fiber pull-out, microbond, single fiber
fragmentation). Although these methods have been validated on the laboratory scale, they are rather
problematical to employ and thus not widely used by industry. More convenient, easier and faster are
indirect methods, one of which, proposed by Bowyer and Bader [2, 3], seems to be an industry-
friendly solution [4]. This technique uses tensile stress-strain response of short fiber composites. The
current paper presents modified Bowyer and Bader technique for estimation of the IFSS by employing
more realistic representation of stress transfer between fibers and matrix. The method is applied to the
short-flax-fiber/starch composites to evaluate the dependence of IFSS on fiber and plasticizer content.
Nine flax/starch composites with variable content of plasticizer and fibers were studied; detailed
information about production, morphological analysis, and testing is given in [5].

The rule of mixtures [2, 3] relates the stress o, and strain ¢ in short-fiber composite as
O, =T,V Ef &+ (1_Vr )O-m

where E; and v; denote the Young’s modulus and volume fraction of fibers, 7, and 7, are fiber

orientation and length efficiency factors, and o, = o, (5) is the stress acting in the matrix. The 7, is

obtained either by assuming an elastic-perfectly plastic Eq. 2 or rigid-perfectly plastic Eq. 3 stress
transfer in composite by interfacial shear
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where 7 is IFSS, | - fiber length, 5 - shear lag parameter, I, - length of the interfacial yielding region, I
- fiber length at the onset of interfacial yielding, r¢ - fiber radius, ly and « are the parameters of
Weibull distribution for fiber length, I is the critical fiber length, T" is gamma function. Detailed
account of assumptions and derivations of equations is given in [6]. The 77, can be evaluated from a
composite modulus using the respective rule-of-mixtures expression, and thus the only unknown
parameter is IFSS, which is obtained by fitting Eq. (1) to the stress-curve of a composite (see Figure
1). The IFSS was found to depend on fiber loading in the composites and to decrease with increasing
content of plasticizer (see Figure 1).
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Figure 1. Typical stress-strain curves of composites with 35 wt% plasticizer and different fiber content
(left) with approximation (solid lines for elastic-perfectly plastic stress transfer model, dashed lines for
rigid-perfectly plastic) and variation of the apparent IFSS with plasticizer content in the matrix (right).

J. Andersons acknowledges project 2013/0025/1DP/1.1.1.2.0/13/APIA/VIAA/019 funded by ESF.
REFERENCES

[1] L.T. Drzal, PJ. Herrera-Franco, H. Ho, Fiber—Matrix Interface Tests, Comprehensive
Composite Materials, Elsevier Science Ltd., VVol. 5, pp. 71-111, 2000.

[2] W.H. Bowyer, M.G. Bader, ‘On the reinforcement of thermoplastics by imperfectly aligned
discontinuous fibres’, J Mater Sci, 7, 1972, 1315-1321.

[3] M.G. Bader, W.H. Bowyer, ‘An improved method of production for high strength fibre-
reinforced thermoplastics’, Compos, 4, 1973, 150-156.

[4] J.L. Thomason, ‘Interfacial strength in thermoplastic composites - at last an industry friendly
measurement method?’, Compos Part A, 33, 2002, 1283-1288.

[5] K. Nattinen, S. Hyvérinen, R. Joffe, L. Wallstrom, B. Madsen, ‘Naturally compatible: starch
acetate/cellulosic fiber composites. I. Processing and properties.”, Polym Compos, 31, 2010,
524-535.

[6] J. Andersons, J. Modniks, R. Joffe, B. Madsen, K. Néttinen, ‘Apparent interfacial shear strength
of short-flax-fiber/starch acetate composites.’, Submitted to Int J Adh Adh.



