
 

Multiscale Modelling of Initial Anisotropy, Fabric Evolution and Strain 
Localization in Granular Media 

Jidong Zhao* and Ning Guo† 
* Department of Civil and Environmental Engineering, Hong Kong University of Science and 

Technology, Clearwater Bay, Kowloon, Hong Kong 
e-mail: jzhao@ust.hk, web page: http://ihome.ust.hk/~jzhao/ 

 
† Department of Civil and Environmental Engineering, Hong Kong University of Science and 

Technology, Clearwater Bay, Kowloon, Hong Kong 
e-mail: ceguo@connect.ust.hk, web page: http://ihome.ust.hk/~ceguo/ 

 
ABSTRACT 

Strain localisation is a widely observed phenomenon and is considered an important precursor 
associated with the failure of geomaterials and related geostructures. Most granular sands in-situ are 
naturally inherently anisotropic. The initial anisotropy in sand may change due to fabric evolution 
with shear-induced plastic strain [1-3].  How anisotropy interplays with strain localisation on the 
inception and formation of the latter has drawn much attention over decades [4]. This paper presents 
a multiscale investigation on the modelling of strain localization in initially anisotropic granular soils. 
The study is based on a hierarchical multiscale framework recently developed by the authors [5,6] 
with rigorous coupling of FEM and DEM. DEM assemblies with elongated particles are generated to 
simulate inherent anisotropy and are embedded to the Gauss integration points of a FEM mesh to 
derive the required constitutive relation. Specimens prepared with different bedding plane angles are 
subjected to biaxial shear under smooth/rough loading platens. 

Amongst the key mechanisms accounting for the occurrence and development of strain localisation, 
we find that non-coaxiality in material response acts as a direct (or nominal) symmetry breaker and 
trigger for strain localisation. The competing evolutions of two sources of anisotropy, one related to 
particle orientations (due to elongated particles used) and the other related to contact normal, 
underpin the developing of shear band. Single band is commonly observed under smooth boundary 
conditions and cross-shape double bands in rough boundary case. The relative orientation of the 
single band to the bedding plane in the smooth boundary case and the occurrence sequence of the two 
bands in the rough boundary case depend critically on the relative dominance between the two 
sources of anisotropy. The multiscale simulations show that the material points inside the shear bands 
undergo intensive shearing, fabric evolution as well as particle rotation and may reach the critical 
state, while those outside the shear band(s) experience merely mild deformation with negligible 
fabric evolution and particle rotation. The particle-orientation based fabric anisotropy needs 
significantly larger shear strain and dilation to mobilize than the contact-normal based one. The non-
coaxial material response is indeed caused by non-synchronized evolution of the two fabric 
anisotropies, which triggers strain localisation in sand.  
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