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ABSTRACT

A comprehensive understanding of the noncoaxial behavior of sands,
particularly under complex loading conditions, is critical for the safe and
efficient design of geotechnical structures. Noncoaxiality refers to the
deviation between the orientations of the principal stress and the principal
plastic strain rate vectors during plastic deformation. This study
investigates the influence of particle morphology, specifically shape and
sphericity, on the noncoaxial response of granular soils. A series of hollow
torsional cylinder tests were conducted on sands with distinct particle
characteristics, including Hamedan, Chamkhale, Firoozkooh, Leighton
Buzzard, and Ottawa sands. The specimens were subjected to monotonic
loading paths under varying principal stress rotation angles of 15°, 30°,
and 60° to evaluate the effect of stress directionality on their deformation
behavior. The results reveal that both principal stress orientation and
particle sphericity significantly affect the degree of noncoaxiality.
Furthermore, a comparative analysis was performed to quantify the relative
impact of these factors, providing valuable insights into the
micromechanical origins of noncoaxial deformation in sands. These
findings contribute to enhancing predictive models for soil behavior under
multidirectional shear loading conditions.
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Introduction

The study investigates the noncoaxial
behavior of sands under complex loading
conditions, focusing on the influence of grain
shape and anisotropy. Noncoaxiality, defined as
the deviation between principal stress and
principal plastic strain rate vectors during
deformation, is critical for understanding the
mechanical response of granular soils. The
research employs hollow cylinder torsional
testing on five distinct sands-Hamedan,
Chamkhale, Firoozkooh, Leighton Buzzard,
and Ottawa to evaluate how particle
morphology and stress rotation angles (15°,
30°, and 60°) affect deformation. By analyzing
these factors, the study aims to enhance
predictive models for soil behavior in
geotechnical engineering applications,
providing insights into the micromechanical
origins of noncoaxial deformation.

Problem Statement

Despite the importance of noncoaxial
behavior in geotechnical design, the direct
impact of particle shape and anisotropy on
this phenomenon remains underexplored.
Existing research has primarily focused on
mechanical properties like shear strength
and dilatancy, with limited attention to how
particle sphericity and stress directionality
influence noncoaxial responses. This study
addresses this gap by systematically
examining sands with varying
morphologies under controlled stress
rotations. The challenge lies in quantifying
the interplay between intrinsic particle
characteristics and external loading
conditions, which is essential for improving
the accuracy of soil behavior models in
scenarios involving multidirectional shear
loading.

Methodology

The study employed hollow cylinder
torsional shear (HCTS) testing to investigate
noncoaxial behavior in five sands with varying
particle morphologies (Hamedan, Chamkhale,
Firoozkooh, Leighton Buzzard, and Ottawa).

Specimens were prepared using dry funnel
pluviation to achieve consistent densities (Dr=
60%) and isotropically consolidated to 100 kPa.
The testing program applied controlled stress
rotations (a=15°, 30°, 60°) under drained
conditions while maintaining a constant
intermediate principal stress ratio (b=0.5).

Particle morphology was quantified
through SEM imaging and computational shape
analysis (Fiji/lmageJ), measuring sphericity
indices (SA, SP, SWI) for 2000+ grains per
sand type. Noncoaxiality ({) was calculated as
the angular deviation between principal stress
(o) and plastic strain increment (age)
directions. Strain components were derived
from LVDT measurements and volume change
data using hollow cylinder kinematics. The
experimental matrix included 15 tests (3
rotation anglesx5 sands), with results validated
against DEM simulations from literature. This
approach enabled direct comparison of fabric-
induced and stress-induced anisotropy effects
on noncoaxial response.

Results

The experiments revealed that both
principal stress orientation and particle
sphericity significantly influence
noncoaxiality. Sands with lower sphericity
(e.g., Hamedan) exhibited higher
noncoaxiality, while more spherical particles
(e.g., Ottawa) showed greater resistance to
deformation. The degree of noncoaxiality
increased with larger stress rotation angles,
with the most pronounced effects observed at
60°. Additionally, the study identified a
transitional behavior from elastic to plastic
deformation, where noncoaxiality stabilized at
higher strain levels. These findings underscore
the role of particle morphology and stress
directionality in governing soil response,
aligning with prior studies on granular material
mechanics.

Conclusion

The research highlights the critical role of
particle shape and stress anisotropy in
determining the noncoaxial behavior of sands.
Key findings include the direct correlation
between particle sphericity and deformation



resistance, as well as the dependency of
noncoaxiality on stress rotation angles. The
study bridges a gap in understanding how
micromechanical properties influence
macroscopic soil behavior, offering valuable
insights for geotechnical engineering. Future
work could explore additional factors like grain
size distribution and moisture content to further
refine predictive models and enhance the
design of structures subjected to complex
loading conditions.
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