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The plane-strain simulation method of soft ground incorporating vertical drains under vacuum-
surcharge preloading is usually adopted, because this method can save time and does not require a
high specification computer as that of 3D simulation inethod.

However, the performance of a vertical drain in the field is close to an axisymmetric unit cell.
Therefore, this thesis developed a conversion method to convert from an axisymmetric unit cell to
an equivalent plane strain unit cell under vacuum surcharge preloading condition. Specifically, the
analytical models for the axisymmetric and plane-strain unit cells and their analytical solutions are
developed in this thesis. After that, a conversion method that can make the degree of consolidation of
the plane strain unit cell equal to that of the axisymmetric cell is proposed.

In Chapter 1, background, research objectives and scope of research of this thesis are described.

In Chapter 2, available conversion methods under conventional surcharge preloading and vacuum-
surcharge preloading conditions are reviewed.

In Chapter 3, a new conversion method for the proposed plane-strain unit cell excluding plane-strain
smear zone under vacuum-surcharge preloading is proposed. In the proposed method, the determina-
tion of the length of drainage path of the vertical drain (1) of the axisymmetric unit cell in each soil
layer (of a multi-layer subsoil, where the vertical drain driven through) is not required; besides, the
proposed equivalent plane strain unit cell of this method does not need the inclusion of the plane-strain
smear zone. Therefore, the proposed method is simpler and more convenient than Indraratna et al.
(2005) method, which is the newest conversion method available on the world.

In Chapter 4, the proposed method was verified by FEM for 3 ideal cases of subsoil: (1) one
homogeneous clay layer, (2) two clay layers, and (3) three soil layers which is clay-sand-clay sandwich
subsoil that can be found in many places in Japan. The verification results showed that the proposed
method yielded excellent agreement between the axisymmetric and plane strain cells in all the cases of
subsoil. In particular, the results indicated that the effects of both well resistance (in the vertical drain)
and smear zone (around the vertical drain) are satisfactorily modeled by the proposed plane strain unit

cell.
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Besides, FE analyses of two cases of subsoil (2) and (3) showed that Indraratna et al (2005) method
could not produce matching results if the drain had high well-resistance and is installed in the subsoil
having multi layers; moreover, in some cases, the converted permeability of their plane strain unit cell
could even become negative.

In Chapter 5, by using the proposed conversion method, a FE 2D simulation method of a full-scale
vacuum-embankment on soft ground is also developed. The comparison between the simulated results
and the field-observed data in each soil layer, beneath the full-scale vacuum-embankment (constructed
in Kushiro, Hokkaido, Japan) showed good agreement in terms of vertical, horizontal displacements
and excess pore water pressure (PWP). This confirmed the validity of the proposed conversion method
as well as the simulation method.

In addition, the verification of Shinsha et al. (1982) and Chai et al. (2001) methods via that full-
scale embankment is also conducted. It is noted that Shinsha et al. (1982) method is being widely used
in Japan, and Chai et al. (2001)’ s method is one of the newest methods being used on the world.

The FE analysis results indicated that Shinsha et al. (1982) method could produce large over-
prediction in terms of vertical displacement and negative excess PWP, albeit it could produce good
prediction in terms of horizontal displacement. But, this good prediction is attributed to the overpre-
diction of negative excess PWP, which could create computed high isotropic compression within the
vertical drain-improved zone beneath the embankment.

Besides, the FE analysis revealed that Chai et al. (2001) method could turn out significant under-
prediction related to negative excess PWP in some soil layers, but it could produce relatively good
prediction in terms of vertical displacement in each soil layer. Regarding horizontal displacement, this
method could give relatively good prediction at the time of just before filling the embankment, but it
significantly overpredicted the field data after filling.

In Chapter 6, summary and conclusions of this thesis are presented.

Finally, recommendations for further research are provided in Chapter 7.
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