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ABSTRACT

Stone column installation is one of the most commonly used and worldwide
accepted ground improvement techniques. This technique is used to provide support to
lowrise structures and transportation routes to be constructed on soft soils that can
tolerate some settlement. However, in case of very soft soils, ordinary stone columns
fail due to excessive lateral deformation (bulging) due to insufficient confinement
provided by the surrounding soil. Stone columns in such soils can be strengthened
against bulging by encasement with geosynthetic material.

Most of the transportation routes are subjected to cyclic loading. However,
presently neither proper guidelines nor specifications are available in literature
regarding the design and construction of stone columns considering cyclic loading.
Relative improvement in settlement response of stone column foundations subjected
to monotonic and cyclic loading needs to be evaluated as a first step in this direction.
The response should be studied for both ordinary and encased group of stone columns.
For proper simulation, the response should be investigated under plane strain
condition relevant to transportation route applications.

In the present study, small scale model tests on groups of long, floating and
end-bearing, ordinary and encased, stone columns of 30 mm, 40 mm and 60 mm
diameter installed in very soft clay with different undrained shear strength are
performed. The effect of important parameters, like area replacement ratio, length and
diameter of stone columns and encasement length of the geogrid, etc., on performance
of the improved ground is evaluated by performing a total of 40 model tests under
monotonic and cyclic loading. The results under different loading conditions are
presented in the form of bar chart, to assess the settlement of composite ground

improved with identical ordinary and encased floating and end bearing group column



foundations. Finally, three-dimensional, elasto-plastic, finite element analyses of
model stone column group foundation, under monotonic loading are carried out using
a commercially available Midas GTS software. These analyses are used to determine
the settlement of ordinary and encased stone column group foundation, to confirm the
findings of the model tests.

It is shown that the ultimate failure stress of the ground improved with fully
encased floating and end bearing stone columns, under monotonic loading, increase
with the increase in undrained shear strength of the soil. Under monotonic loading, the
ground improved with fully encased stone columns, both floating as well as end-
bearing types, yields higher equivalent bearing capacity factor compared to
corresponding ordinary stone column group foundation. The cumulative settlement
reached after 500 load cycles under cyclic loading was 92-79% of the settlements at
failure under monotonic loading for ordinary stone columns depending upon the
undrained shear strength of soil. The corresponding settlement under cyclic loading
reduces to 44-20% for full length geogrid encased floating columns. For both encased
floating and end-bearing columns, the cumulative settlements reached in 500 load
cycles at maximum applied stress of 22.4 kPa vary between 4 to 7 times the
corresponding settlements during monotonic loading at the same value of applied

stress.
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