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Mechanical Properties of Fiber-Reinforced Soft Composites

In this talk I will focus on an emerging class of fiber reinforced composites where the matrix is extremely
soft and tough. For example, an upper estimate for fiber/matrix modulus ratio in traditional fiber
reinforced polymer composites is at most 100. Matrices made from tough elastic gels can have modulus
approaching kilopascals and increase this ratio to . Our goal is to understand how this extremely high
modulus ratio affects the mechanical behavior of such fiber reinforced "soft" composites (FRSCs). I will
focus on unidirectional FRSCs with parallel fibers perfectly bonded to a soft elastic matrix. I show such
composites exhibit the Mullins effect typically observed in rubbers and double network (DN) gels. We
quantify size effect on mechanical properties by studying unidirectional composites consisting of finite
length fibers. We determine the stress concentration factors (SCFs) for a cluster of fiber breaks in this
geometry and show that there is a transition from equal load sharing (ELS) to local load sharing (LLS).
We also determine the mean strength and work of extension assuming fibers obey Weibull statistics.
We discuss the application of fracture mechanics to this emerging class of composites. We will discuss
similarities between FRSCs and DN gels.
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