Journal of Structural and Construction Engineering, 12(10), 2026, pp. 59-78

Journal of Structural and
Construction Engineering

Journal of Structural and

Construction Engineering

ol fy—pole o i
5L g 0 L oo S WwWWw.jsce.ir

Investigation of the Effect of Particle Morphology on the Anisotropic Behavior of
Sands Using a Hollow Cylinder Shear Apparatus

Salar hafezan', Hadi Bahadori**

1- P.h.D. Student, dept. of Civil Engineering, Urmia University, Urmia, Iran
2- Professor, dept. of Civil Engineering, Urmia University, Urmia, Iran

ABSTRACT ARTICLE INFO

This study focuses on understanding how sand morphology influences the Receive Date: 12 February 2025
inherent anisotropic behavior of sands under varying stress conditions. Revise Date: 07 April 2025
Morphology, which refers to the shape and texture of sand particles, plays Accept Date: 21 April 2025

a significant role in determining the mechanical behavior of soils. To

investigate this effect, a series of undrained torsional shear tests were Keywords:

carried out using a Hollow Cylindrical Torsional Shear Apparatus Hollow Cylindrical Torsional
(HCTA). This advanced apparatus allows for the simulation of diverse Shear Apparatus, Sand,
stress paths, making it a highly suitable tool for studying soil anisotropy Morphology,

under controlled laboratory conditions. The tests were conducted on five Anisotropic Behavior,
distinct types of sand: Hamedan (HAM), Chamkhaleh (CHM), Firouzkouh Sphericity,

(FIR), Leighton Buzzard (LBS), and Ottawa (OTW). During the Undrained Shear Strength
experiments, the principal stress direction was systematically varied

between 15 and 60 degrees to explore the anisotropic response, while

maintaining a constant intermediate principal stress ratio-(b) of 0.5 and a

confining pressure of 100 kPa. The study utilized advanced two-

dimensional and three-dimensional image analysis techniques to classify

particle shape properties accurately. Morphological features such as

sphericity and roundness were quantified using scanning electron

microscope (SEM) images. These images were analyzed with FIJI

software for sphericity calculations ~and Matlab for roundness

calculations, providing detailed insights into particle geometry. The

results revealed a clear relationship between sand morphology and

anisotropic behavior. Specifically, an increase in the sphericity index

corresponded to a decrease in anisotropic effects. This finding

underscores the importance of particle shape in governing the mechanical

behavior of sands and highlights the sphericity index as a more critical

factor than roundness in influencing anisotropic properties.
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