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Stability of group column type DMM ground

Masaki KITAZUME*
Hiroshi YAMAMOTO"

Synopsis

In Japanese coastal areas, many constructions often encounter very soft clay deposits. A large number of
soil improvement techniques have been developed in order to reinforce these soft marine clays. Deep
Mixing Method (DMM), a deep stabilization by cement slurry, is frequently used in Japan in the
constructions of port and harbor facilities. Numerous research papers have described different aspects of the
DMM. It is known that the compressive strength of the improved soil is much greater than that of the soft
soil. The modulus of deformation is large and the strain at failure is very small range. In contrast to the
compressive strength the bending and tensile strengths are very small range. Due to these features the
DMM improved ground is considered to possess a brittle behavior which is very different from that of the
unimproved soft soil. .

Principally four patterns of the DMM application are known - block, wall, grid and group column types.
The most common type in port constructions is the block type where parts of the improved columns are
overlapped. This application pattern has two main disadvantages; the volume of the improved soil is huge
and the overlapping is a complicated construction operation. From economical and constructional viewpoints
the column type is most desirable application pattern. In the current design in Japan the stability of the
group column type DMM should be investigated mainly by a slip circle analysis in which the shear strength
of the improved ground is estimated as an average shear strength of the improved and un-improved soils.
Although the behavior of column type improved ground has not yet been clarified precisely, it is not difficult
to imagine that the improved columns may show different kinds of failure modes such as shear, tensile,
bending failure, dependent upon the stress condition of each column.

The authors investigated the behavior of the DMM column type improved ground under various
combinations of vertical and horizontal loads. The investigation was carried out by centrifuge model tests
where a prototype behavior can be simulated in a scaled model by means of the centrifugal acceleration. The
model foundation was subjected to various combinations of vertical and horizontal loads under a 30 g
acceleration field in order to establish failure envelope in vertical-horizontal plane. It was found that the
column type DMM improved ground possessed a brittle behavior at failure and its bearing capacity was
governed not only by the shear strength but also by the bending tensile strength of the DMM columns. The
experimental data were compared with the calculated ultimate bearing capacity by circular slope stability
analysis. In this paper, the model ground preparation as well as the soil-structure interaction and the failure

pattern of the DMM columns are described.
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VANEI-0.1 10 20.60 20.70 1.97 80.8
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