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THE MECHANISM OF SHEARING AND ITS
SIMILARITY FOR SANDS AND CLAYS

By Sakuro MURAYAMA and Hajime MATSUOKA

Synopsis

Sand is an assembly of particles, therefore its mechanical proparties should reflect the micro-
scopic behavior of the individual particles. It is also seen that clays, which consist of very fine
particles, show a granular property such as dilatancy. The granular nature of soil is considered to
be one of its most essential properties. Therefore, in this investigation, the shearing mechanism of
granular soil such as sand and gravel have been studied from the microscopic point of view in
order to understand its macroscopic behavior better.

For this purpose, the shearing tests were carried out using not only real soils but also horizontal
piles of alminium rods and rods made of a photoelastic material with various diameters in order to
simulate a two-dimensional granular mass. From these experiments, the slope angle of particle
contact surface #, the interparticle force f and the frictional angle between the particles § were
chosen as the fundamental factors that control the shearing resistance of soils. The concept of “the
frequency distribution of 6 was introduced in order to represent the macroscopic shearing resist-
ance and dilatancy.

In this paper, the stress ratio (r/oy) and strain-increment ratio (dey/dy) relation is derived
from these microscopic considerations as follows;

f = ~ ey
E—(1.4 1.5) dr—i—tan&

and it is found that this relation is applicable not only to sands but also to clays. From these ex-
perimental results the similarity of the shearing mechanism between sands and clays is shown.
Furthermore it is made clear that this stress ratio and strain-increment ratio relation is related to
the stress ~ dilatancy theory of P, W. Rowe.
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Fig. 1 The slope angle of particle contact surface ¢;, the
interparticle force f; and the frictional angle
between particles 4.
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Photo. 1  Photoelastic photograph for a pile of rods at the residual strength.
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Fig. 2 Frequency distribution of §.
(a) before shear
(b) at the peak strength
(c) at the residual strength
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Fig. 3 The trapezoidal and triangular

distributions of 6. Fig. 4 The dilatancy mechanism.
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Fig. 5 Relationship between 7/ay and 6.
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Fig. 6 Relationship between z/oy and d(4V/V)/dy.
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Fig. 7 Relationship between r/gy and dey/dy on the (45°+¢,/2) plane.
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Fig. 8 Relationship between z/oy and dey/dy on the (45° +¢,,,/2) plane.
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Fig. 10 Rowe’s stress dilatancy theory in terms of the relation between 7/oy and dey/dy.
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Fig. 11 Structure of quick clay.
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