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Title
Modeling of Craze Evolution Behavior for Crystalline Polymer
and Its Application to FE Simulation for Fracture Prediction

Abstract

Recently, polymer has occupied approximately 10% as weigh percentage in an
automobile and polymeric products are developed through some crash simulations using a
commercial FEM solver in the design process of automobiles. Although it is strongly
required in the industrial stage to improve numerical accuracy for fracture prediction, there
is no material model that can precisely reproduce failure behavior on the basis of fracture
mechanism peculiar to polymer. In this thesis, a material model is newly proposed
introducing the effect of craze that is a particular microscopic damage of polymer into
non-coaxial constitutive equation and modeling craze evolution and then it is installed on
the commercial FEM solver. Showing a new approach for evaluation based on a value of
effective stress exceeding the fibril strength in fracture prediction simulation of crystalline
polymer, a new scheme that can practically predict fracture of polymer is developed.

Chapter 1 describes a background, problems of previous studies and aims of this study.

In chapter 2, craze effect is introduced into the material model taking account of both
damaged and pseudo-undamaged configurations.

In chapter 3, internal variables and thermodynamically conjugate forces are defined.

Chapter 4 derives a non-coaxial elastoviscoplastic constitutive equation with craze effect.

In chapter 5, hardening rule is extended to hydrostatic stress dependent type.

In chapter 6, a craze evolution equation with strain rate dependency of craze propagation
and craze cessation in the oriented molecular chain region is proposed so that craze evolves
with increase of plastic strain and mean normal plastic strain to be identified by the
numerical experiments. Moreover, considering that strain rate gives different influences for
generation and growth of craze, the craze evolution equation is extended to the enhanced
type suitable for a wide range of strain rate.

In chapter 7, experimental uni-axial tensile test for polypropylene is conducted and its
result is used in the verification of the numerical analysis shown in the next chapter.

Chapter 8 devotes a uni-axial tensile simulation demonstrated by LS-DYNA in which the
above material model is installed through the user subroutine program. In the calculation
under the condition with strain rate 1 s, it is shown that craze density and effective stress
are highly concentrated at the front edge region of propagating neck. Next, another simulation
is carried out under strain rate conditions 0.01-100 s, then it is shown that a high craze density region
occurs in the shear band shape just after initial yielding under both high and low strain rates,
and the strain rate dependency of fracture strain in general ductile polymers is well
reproduced. In addition, it is confirmed that the fracture position predicted on the basis of
fibril strength is consistent with the experimental one. Furthermore, in order to investigate
the practical utility of this fracture prediction scheme, a numerical simulation corresponding
the experimental test mentioned in chapter 7 is carried out and it is found that the numerical
result coincides quantitatively with the experimental result. Finally, the hydrostatic stress
dependency of this model is also confirmed comparing it with a result of uniaxial
compression test.

Chapter 9 summarizes the conclusions obtained in this study.
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