
Author’s Accepted Manuscript

Exploring the relationship between critical state and
particle shape for granular materials

J. Yang, X.D. Luo

PII: S0022-5096(15)30054-5
DOI: http://dx.doi.org/10.1016/j.jmps.2015.08.001
Reference: MPS2697

To appear in: Journal of the Mechanics and Physics of Solids

Received date: 5 March 2015
Revised date: 3 August 2015
Accepted date: 3 August 2015

Cite this article as: J. Yang and X.D. Luo, Exploring the relationship between
critical state and particle shape for granular materials, Journal of the Mechanics
and Physics of Solids, http://dx.doi.org/10.1016/j.jmps.2015.08.001

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jmps

http://www.elsevier.com/locate/jmps
http://dx.doi.org/10.1016/j.jmps.2015.08.001
http://dx.doi.org/10.1016/j.jmps.2015.08.001


1 

 

Exploring the relationship between critical state and particle shape  

for granular materials 

 

J. Yang
1
* and X.D. Luo

1
 

 

Abstract 

The relationship between critical state and particle shape corresponds to the most fundamental aspect 

of the mechanics of granular materials. This paper presents an investigation into this relationship 

through macro-scale and micro-scale laboratory experiments in conjunction with interpretation and 

analysis in the framework of critical state soil mechanics. Spherical glass beads and crushed angular 

glass beads of different percentages were mixed with a uniform quartz sand (Fujian sand) to create a 

sequence of mixtures with varying particle shape. On the micro scale, particle shape was accurately 

measured using a laser scanning technique, and was characterized by aspect ratio, sphericity and 

convexity; a new shape index, taken as the average of the three shape measures and referred to as 

overall regularity, was proposed to provide a collective characterization of particle shape. On the macro 

scale, both undrained and drained triaxial tests were carried out to provide evidence that varying 

particle shape can alter the overall response as well as the critical states in both stress space and 

volumetric compression space. The mixtures of Fujian sand and spherical glass beads were found to 

be markedly more susceptible to liquefaction than the mixtures of Fujian sand and crushed angular 

glass beads. The change in liquefaction susceptibility was shown to be consistent with the change in 

the position of the critical state locus (CSL) in the compression space, manifested by a decrease in the 

intercept and gradient of the CSL due to the presence of spherical glass beads. Quantitative 

relationships have been established between each of the critical state parameters and each of the 

shape parameters, thereby providing a way to construct macro-scale constitutive models with intrinsic 

micro-scale properties built in.    
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