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Effect of Stress History on Deformation Characteristics
of Dry Sand Subjected to Cyclic Loading

Shosuke Tokr  Shigeru Kitacd  Teruyuki Suzuxi

Abstract

The importance of investigating the dynamic properties of earth materials for geo-
technical design of foundation and earth structures, subjected to vibratory or impulsive
forces, has increasingly been recognized. Since the new branch of soil mechanics, i.e.,
soil dynamics, was brought about into our field in the early 1930’s, more than four
decades have elapsed. During these years, a large number of theoretical, experimental,
and field studies have been carried out in many countries, and outstanding contributions
have been made in recent years.

Reliable and comprehensive knowledges on soil properties under dynamic stress con-
ditions are increasingly in demand not only because of academic interest, but also because
large electronic computor assemblies have been coming into use for design purposes.

In the present paper an investigation on the influence of the magnitude of dynamic
stress and the number of stress applications on deformation behavior of dry sand is
reported. The repeating load is applied to test specimen in such a way as to simulate
the stress condition on the horizontal surface in subgrade during earthquake.

It is shown that the deformation of test specimen subjected to repeating load, in
advance to subsequent cyclic loading, decreases considerably, compared to specimens with
the same initial void ratio, but not subjected to dynamic stress in advance. This is con-
sidered to be primarily due to the decrease of the volumetric component of axial strain.
This obviously indicates that the effect of stress history on deformation behavior under
dynamic stress conditions is dominant in the volumetric component of axial strain and is
little in its shear component.

Tt is also shown that in a type of test in which test specimen is subjected to a dif-
ferent total number of cyclic loading, for instance, 500, 5,000 and 10,000, rate of increase
of the volumetric component of axial strain depends on the number of dynamic stress
applications, and the dynamic shear modulus of deformation increases with increasing
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number of stress applications.

These deformation characteristics of dry sand subjected to cyclic loading in advance,
can not be attributed to the decrease of void ratio, because the amount of void ratio
decrease by these stress application is too small to give rise to corresponding change in
axial strain or shear modulus. In order to clarify these inconsistencies, changes in soil
structure or particle orientation and also changes in surface conditions of sand particles
must be taken into consideration.

This can be demonstrated by the test results, which show irregular relationships
between shear modulus, void ratio, and confining pressure in a static compression test on
test specimens subjected to repeating load in advance, and this irregularity disappears if
the values of shear modulus are replotted against the terminal state of shear strain at
which time the specimen is conjectured to assume a particular type of particle orientation.

It can be concluded from above mentioned findings that in addition to the important
roles of initial veid ratio or relative density in the mechanical properties of sand, particle
orientation and its surface condition play also significant parts in deformation, especially

in volumetric deformation behavior.

Consequently, further investigations on the effects of soil structure should be made
with special reference to stress or strain history, void ratio change, and grain disinte-

gration.
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Fig. 1. Stress state within test specimen during dynamic test.
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