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Geometric arrangement of particles in a soil mass re-
flects the imprints of the geologic and stress history of
the deposit, the depositional environment, and weather-
ing history. Therefore, it is believed that the arrange-
ment of particles in soils has a profound impact on its
mechanical properties, such as shear strength and
modulus. The present article deals with the impact of
shear deformation on the geometric arrangement of
particles within the specimen of kaolinite clay using
high resolution SEM images. Specimens with two ex-
treme geometric arrangements of particles have been
prepared using slurry consolidation technique with
and without dispersing agent: (i) specimen A (random
geometric arrangement of particles), and (ii) specimen
B (preferred geometric arrangement of particles) to
evaluate the change in geometric arrangement of par-
ticles due to shear deformation with respect to the
original one. Specimen B exhibited larger variation in
geometric arrangement of particles due to shear de-
formation in comparison to specimen A. Thus the geo-
metric arrangement of particles must be considered for
predicting the shear strength behaviour of the soil ac-
curately. Unfortunately, this has not been considered
in most of the constitutive models used in practice for
solving geotechnical engineering problems.
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IN soil mechanics, considerable effort has been devoted
to the determination of mechanical properties of the soil
such as strength, compressibility and permeability. It is
evident that all such factors depend, among other things,
upon the geometric arrangement of particles in soil mass.
Hence, a study on the geometric arrangement of particles
and contact forces between them is needed to understand
the shear behaviour of the soil at micro as well as macro
levels. Geometric arrangement of particles in clay sus-
pensions can be described in the form of random particle
orientation and preferred particle orientation. Random
orientation refers to clay particles of a sample that are
oriented in all possible directions with equal probability,
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whereas preferred orientation refers to particles that are
aligned parallel to each other.

When a soil specimen is subjected to external loads,
localized deformation regions in the form of shear bands
at failure are developed. McKyes and Yong' reported that
the clay particles in the proximity of observed shear bands
at failure align themselves along the failure plane. If we
can assume this to be true for other cohesive materials as
well, then based on the observations from the present study,
the failure condition at the macro level may be derived
using a correlation between the inter-particle forces at
micro level and the void ratio of the soil at macro level
based on the geometric arrangement of the particle. How-
ever, the shear behaviour of clay at micro level and the
mechanics of clay particles and the inter-particle interac-
tions are largely unknown; and this was an inspiration for
the present work to study the variation in geometric arran-
gement of particles before and after shear deformation of
the clay mass using scanning electron microscope (SEM)
technique. This will provide knowledge and direction to
this area of research using the latest testing facilities such
as those used for studying particulate mechanics. Due to
time constraints, only drained compression tests have been
performed in the present study for two types of geometric
arrangements of clay particles: random and preferred.
Such a study would be able to answer questions related to
the onset and propagation of localized deformations in
soils under shear strength testing conditions, which would
affect the analysis of shear strength parameters of cohesive
soils (these parameters are used for designing foundations
for civil engineering structures).

Previous investigations

Many previous researchers®™ used a variety of techniques
for the study of particle orientation of clayey soils using
X-ray diffraction, SEM and transmission electron micro-
scope (TEM). Most of the earlier studies® ' concentrated
on the variation in particle orientation of clay due to
compaction and consolidation of soil. McKyes and Yong'
analysed the particle orientation of clay that experienced
shear distortion using SEM images of the specimen at
very low magnification (x10 and x100). This did not provide
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