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A Rigid-fiber-based Boundary Element Model for
Strength Simulation of Carbon Nanotube Reinforced

Composites
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Summary
Carbon nanotubes (CNTs) may provide ultimate enhancement in stiffness and

strength for composite materials. This paper presents a rigid-fiber-based boundary
integral equation formulation for the numerical simulation of debonding process
and the corresponding strength of CNT reinforced composites. The CNT/matrix
interfaces are assumed to fail when the interfacial shear force reaches a prescribed
threshold, and the CNTs and matrix are considered to be detached in the failed
areas. The matrix with one or several tens of originally well-bonded CNTs is
subjected to an incremental tensile load and the effective stress-strain relations
are readily obtained by the introduction of CNT/matrix debonding processes. An
equivalent strength of CNT composites is also defined to study the effect of frac-
ture process. In order to analyze considerable CNTs by use of the fast multipole
method, a rigid-fiber-related preconditioning technique is introduced to deal with
the case of CNT/matrix detachment. The boundary element model is solved on a
desktop computer by using both the traditional GMRES solver and the fast multi-
pole method. The impact of several micro-structural parameters on the debonding
process and strength of CNT reinforced composites is discussed in the numerical
tests, and some results are compared with experimental ones reported in the litera-
ture.
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