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Summary:

In this thesis, a comprehensive study to overcome soil-structure interaction problems that
are present in nonlinear analysis of piled rafts. Direct boundary element formulations are used
to perform nonlinear analysis of piled rafts. The raft is considered as a shear-deformable plate,
whereas the soil is modeled as either Winkler springs or elastic half space (EHS). Piles are
modeled using their actual geometry including all interaction effects. Two different direct
boundary element formulations are reviewed: a) Plate stiffness matrix formulation (FEM-like
formulation), and b) adding stiffness matrices to the plate integral equation formulation (BEM-
like formulation) are used.

Firstly, the proposed BEM plate stiffness matrix formulation is extended to analyze
plates on elastic-plastic Winkler foundations. Iterative methodology is used to perform
nonlinear analysis of plate on elastic-plastic Winkler foundations. This methodology is also
extended to analyze plates on elastic-plastic and tensionless Winkler foundations.

Subsequently, nonlinear analysis of piled rafts is developed. Nonlinear analysis of piled
rafts at certain load level is developed using three different formulations and two nonlinear
numerical techniques. These formulations are automated and implemented in PLPAK software
under title of “full load analysis”. In addition, two nonlinear formulations are extended to
predict the load-settlement curve of the piled raft. The load-settlement curve prediction is
implemented in the PLPAK software under title of “failure incremental analysis”. Interface is
developed to help user in the analysis called “NLPAK” (Nonlinear package).

Finally, overall building analysis system using PLPAK software is presented. Innovative
coupling technique of the super and substructure is presented to analyze overall building.
Coupling technique is implemented into PLPAK software. Nonlinear package developed in
thesis is coupled with superstructure package to analyze overall building. Laterally loaded piles
are considered in approximate way. In addition, coupling technique is used to study stage of
construction analysis including soil structure interaction on the overall building, which yielded
interesting results.

Several numerical examples and practical examples are presented to verify the proposed
techniques. Results are compared to commercial software packages and previously published
results. The examples provide proof of concept, yet push the limits of accurate numerical
analysis of overall structures on nonlinear soil.
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