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Abstract

Biological materials such as silk, nacre, and bone have superior mechanical properties
due to their well-designed microstructures with dissimilar, namely soft and bulk, com-
posites. It is widely believed that the unique microstructures result in high strength
and toughness via a normal-shear-stress-coupling mechanism. Microcrack initiation in
biological materials play a crucial role in triggering such a mechanism, and therefore
further investigation of its initiating condition and microcrack propagation are needed.
In this study, we first describe a staggered model from biological material and illustrate
the effects under different microcrack patterns. We employ a Fast Fourier Transform
based (FFT-based) homogenization method with linear elasticity and non-local damage
theory to investigate the stress distribution and load transmission, as well as the mi-
crocrack propagation due to different structural designs of soft matrix geometry. The
major implication of this paper is that the design of soft matrix geometry determines
the microcrack initiating patterns and impacts the local transmission mechanism of bio-
composites. This research provides insights into design strategies for microstructures to
trigger normal-shear-stress-coupling behavior for biocomposites to achieve high tough-
ness and strength.
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1. Introduction

Natural biological materials, such as nacre, silk, or bone, have received much at-
tention in recent years. Such materials usually contain dissimilar materials with distinct
microstructures, as well as hierarchical multiscale structures, which achieve high strength
and toughness [1, 2, 3]. As shown in Fig. 1(a), biological material usually has a hierarchi-
cal brick-mortar microstructure, which can be integrated by the staggered model shown
in Fig. 1(b). Two possible microcrack patterns may appear in this type of staggered
model, as shown in the Fig. 1(a): constrained microcracks or delamination microcracks
in the material, which have dissimilar influences on material. If the microcracks are con-
strained, the material maintains its strength; otherwise, the delamination microcracks
cause failure of the material [4, 5].

The mechanical behavior of such a staggered model under constrained microcracks
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