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様式３ 

論  文  内  容  の  要  旨  

氏  名  （   燕  翌        ）  

論文題名 

 

Cracking Mode and Toughening Mechanism of Nacre-like Biomaterials Based on 

Stability Analysis 

(安定性理論に基づく真珠層生体材料のき裂進展と高靭性発現メカニズムの解析） 

 

論文内容の要旨 

Nacre-like biomaterials have a decent balance of stiffness, strength and toughness while the major 

component is hard and brittle. Its toughening mechanisms originate from a micro-structure of staggered ‘brick 

and mortar’ manner, but the structure-property relationships still remain unclear. Understanding the 

toughening mechanisms of nacre-like biomaterials is significant for artificial production of similar composite 

materials. Recent studies have shown that the cracking phenomena of nacre-like biomaterials, such as nucleation 

of micro-cracks, crack bifurcation and formation of crack hindering zone, are highly related with the toughening 

mechanisms. In this study, we analyzed the cracking phenomena of nacre-like biomaterials based on a stability 

theory, and discuss the fundamental relations between the parameters of the micro-structure and the 

characteristic of cracking process to clarify the effect of the cracking process on the toughening mechanisms. 

The thesis is organized as follows. 

In Chapter 1, the structural characteristics and mechanical properties of nacre-like biomaterials are 

introduced. After a review of previous studies about the structure-property relationship of nacre-like 

biomaterials, we highlight the advantage of using a stability theory to understand the cracking behavior.  

In Chapter 2, theoretical basis and the methodologies of this study are described. First, cohesive zone 

model (CZM) is utilized to depict the interfacial fracture. The mechanisms of crack initiation and propagation 

are explained from the evolution of convexity of the strain energy functional which specifies different 

instability conditions such as positive definiteness of elastic operator and ellipticity. Based on the 

stability theory, we have proposed a theory predicting the loss of local and global instabilities.  

In Chapter 3, a finite element analysis (FEA) is conducted to simulate the crack initiation and propagation 

patterns of nacre-like biomaterials. We propose a criterion named localization factor to classify various 

cracking behaviors into ‘localized mode’ and ‘unlocalized mode’.  The strain concentration process, 

stress-strain behavior are discussed from a viewpoint of inner mechanisms of different cracking modes. 

In Chapters 4 and 5, the crack initiation and propagation mechanisms are analyzed using Monte-Carlo (MC) 

simulation based on stability analysis and CZM. The results are compared to conventional solutions such as 

FEA to show the validity of computation. The crack initiation occurs when the homogenized modulus of the model 

turns into negative value, and it can be well explained using the stability theory. The result of MC simulation 

shows good agreement with theoretical predictions. The modified MC method reproduces various types of cracking 

modes including crack branching mode by changing the aspect ratio, unlocalized crack mode by changing the 

modulus of soft phase, crack insensitivity mode by changing the adhesion energy. Finally preexisting crack 

is introduced in the model to analyze the sensitivity of a structural imperfection. The results show that 

the variety of cracking modes show different degrees of sensitivity to the pre-crack.  

In Chapter 6, conclusions are presented.  

In this thesis the cracking behavior of nacre-like biomaterials is analyzed based on a stability theory. 

The fundamental knowledge on relationships of the micro-structure and overall properties give us novel insights 

in understanding the toughening mechanisms to design new artificial materials. 

 

 

 




