
 

A Trans-scale Computational Model Considering Strain Gradient Theory 

for Nacre 

Jingru Song*, Yueguang Wei†  

*
 Institute of Mechanics, Chinese Academy of Sciences 

Beijing 100190, China 

e-mail: songjingru@lnm.imech.ac.cn 

 
† College of Engineering, Peking University  

Beijing 100871, China  

 

ABSTRACT 

The biological hierarchical micro/nano-structured materials, such as nacre, bone, and teeth, have 

hierarchical structures from microscopic to macroscopic scales and because of their superior macro-

mechanical properties, which closely rely on their hierarchical microstructures, the traditional 

continuum theory cannot effectively describe their mechanical behaviors. 

In the present research, the investigated biomaterial is the nacre structure of Hyriopsis cumingii, a 

typical limnetic shell. Nacre is composed of a fine-scale layered brick wall-like structure comprising 

submicrometer layered mineral platelets bonded by a thin layer of organic biopolymer. 

For nacre, a trans-scale computational model was proposed, by using the strain gradient theory to 

describe the organic matter layer, and using the cohesive zone model at the interface between the 

mineral platelet and the organic layer.  

Firstly, through the combination of the theoretical model of trans-scale mechanics [1,2] and 

experimental analysis, the range of the material length scale parameter of the strain gradient 

characteristic of nacre is obtained. By adjusting the ratio of the material length scale to the thickness 

of the organic layer within the effective range, the microstructure scale of the material transitioned 

from micro to macro. The study found: relative to the classical mechanics model, after introducing the 

strain gradient effect, the shearing and tensile tough behavior of the organic matter layer can be 

effectively characterized. While the microstructure scale of the material transitioned from micro to 

macro, the stress response will gradually return to the classical mechanical theory solution. In addition, 

the stress-strain relationship obtained by the model was in good agreement with the experimental 

results and was superior to the traditional theoretical model.  

Researches in this work can help to systematically understand the correlations between the macro-

mechanical properties and the nano-/micro-structures of biological hierarchical materials, and also can 

provide a scientific basis for the design of biomimetic materials. 
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